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INTRODUCTION 


This book contains both simple and more advanced projects. 
and it is hoped that these will be found of great help in 
developing a knowledge of the workings of digital circuits. 
Vanous fons of assembling and wiring the integrated 
circuits on their bourds are shown, and this aspect of a project 
can be quite straightforward, and not need the preparation of 
a printed eircuit board, The more ambitious projects can be 
built and tested step by step, and this will avoid of correct 
faults which could otherwise be troublesome, and will result int 
a better understanding of how tlie devices operate 


ICs and HOLDERS 


The integrated circuits ft boards of G.lin matrix, and ICs and . 

their holders have the same pin spacinys, though the holders are 

a little wider than the ICs they carry. Actual holder designs 

vary somewhat. 
Pin 1 may be indicated by a notch, depression, dot, number 

1, or ridge, Figure 1. The holders generally have some means 

of showing socket 1, so that ICs may be inserted the correct 

way round, When an IC is to be inserted for the first time, all 

its pins may need pressing inwards very slightly. Any pins 

obviously bent in packing should be carefully straightened with 

tweezers or similar means. | 
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Moat ICs required here have 14 or 16 pins, counted as in 
Pigure ] when viewing the IC from the top, ICs can be soldered 
directly in place. but the use of holders allows their easy 
replacement, or substitution for test purposes. 

The 74 TTL (transistor-iransistor logic) ICs used require 
4.75V to §.2S¥V and normally operate from a SV suppiy. 

Unused gute inputs should be tuken to negative, or may be 
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connected to a used input, or may be connected to pasitive 


through @ tesistor. 
The NAND function is as follows: 
inputs Output 
00 1 
0.1 ] 
1.0 ] 
1.1 0 


The binary coded decimal decade counter counts from 0 to 
9 giving binary outputs 0000 to 1001 at four pins. A deceder- 
driver decodes these outputs into the form required to display 
numbers 0 to 9 on an associated numeral. Details appear in 
the related sections. 

An inverter inverts the logic, Jow input giving figh output, 
and high input providing ow output. 


ALTERNATIVE NUMERALS 


Counting and similar devices will require one or more numerals, 
and the chicuits shown here will allow 7-seyrment LEDs and 
Nixie tubes to be employed. 

Numerals with iJuminated sectors consisting of light 
emitting diodes, or LED numerals, may be operated from the 
3V supply used to power integrated cirouits. Nixies. however, 
require a high voltage supply. though this can be of very simple 
type, and is readily obtained by transformer operation from 
AC rouins. 

in many of the circuits shown, it is feasible to employ either 
LED or Nixie numerals, with the appropriate LED or Nixie 
driver ICs, Thus as cxample, a circuit shown with LEDs, might 
equally well be made with Nixies, im most canes. 

Nurnitron and Minitron numerals, having small filamentary 
sectors, are also often seen. but have not been dealt with here. 
End and side viewing Nixie numerals, Nurmtrons and Minstrons 
are from time to time seen on sale singly of in packs at low 
cost, and this can be a factor in adopting them for 2 display. 

Nixie circuits in this book are for the GN4 (and equivalent) 
tubes. The GN4 is end-viewing. with numenils about 1Smm 
high, Side viewing Nides may be substituted, and would need 
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to stand vertically at the edpe of the circuit bard, or be fixed 
with the numeral side flat to the viewing aperture. 

Other details appear in book number BP67 Counter Driver 
and Numeral Display Projects also published by Bernard ; 


Babani (publishing) Ltd. 


GNd Nixie 

This has 13 pius, shown in Figure 2. Caunting from the space, 
pin 2 is the connection to the current limiting resistor Rl. This 
can be 33k or 47k % watt fora 24UV to 250V supply. Current 
drawn is around 144mA to 3mA, Higher values of series 
resistor, or lower HT supply voltage, will reduce brightness, but 
these factors are not critical. 


et 


NUMERAL 
DISPLAYED 


FIG. 2. 


The required numeral is illuminated by taking another pin | 
to negative. Pin 3 used in this way produces 0, pin 4 provides 
9, pin 5 illuminates the numeral 8, and so on. Pins ] and 8 | 
provide decimal type points in some tubes, and should havea 
further series limiling resistor (about 220k). Surplus or ex- | 
equipment numerals of this kind are readily tested by clipping 
Ri to pin 2, and stepping round the other pins with a lead | 
returned to negative, observing numerals produced, Very aged, 
much-used tubes may produce part numerals, but might if to 
hand be suitable for positions where a limited display Guch 
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as only 0 -1, or 0 1—2 for clocks) wil] be needed, No display 
at all probably means lost seal due to distorted pins. 

These tubes may be inserted in holders, or Connections can 
be taken directly to the pins, and in some ways this has 
udvantages. Al! pins should be clean and bright. Use a thin 
flexible or single-strand biight tinned-copper wire, with sleeving 
a fairly tight push-fit on the pins. Bare a short length of the wire, 
insert in the sleeving, and push on the pin, The leads can be as 
Jong as needed to reach from the board carrying the is, 

Nixies are operated from driver ICs which decode the binary 
input into a single circuit output. Thus when the driver IC for 
the Nixie receives the binary equivalent of 1, it automatically 
gives a negative connection to a pin which is connected to pia 
13 of the Nixie, thus illuminating |. When the binary changes 
to 2, the IC alters the circuit, so that this is completed to pm 
12 of the Nixie tube, to illuminate numeral 2, and so on. 

The Nixie decoder-drivers are not uscd for. LED displays, as 
with these, two or more segments are ilJumninated simultaneously. 

Cannections can be arranged to provide counts other than 
the O—Y for which the tube is made, to suit the need for clocks 
or other equipment, 


7.-Sector LEDs 
Figure 3 shows a LED numeral with 7 segments. Two or more 
are illuminated, to produce numerals as follows: 


0 ABCDEF 5 AFGCD 

1 BC 6 APFEDCG 

2 ABGED 7 ABC 

3 ABCDG 8 ALL SECTORS 
4 BCFG 9 GFABCD 


With many circuits 6 omits A and 9 omits D. 

The individual sectors are separate light emitting diodes, and 
all these LEDs are connected together at one end. Where the 
decoder-dtiver is placed to control the nevative circuits, a3 in 
circuits here, common anode LEDs are required. This common 
positive connection is pin 3; or pins 3, 9 and 14 with some 
types. 

The number of segments illuminated, and dravang current, 
will depend on the number shown, there ts 4 mimimum of 2 
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sectors for number 3, and maximum of 7 sectors for number 8 
Current taken by the numeral thus varics considerably, and a 
common limiting resistor is not very satisfactory. For this 
reason, each sector can best have its own resistor, between the 
driver IC and the sector pin. 

Referring to Figure 3 pins.and segments are: 


A pio | F pin? 
B pin 13 F pin 2 
C pin 10 G pin 11 
D pin 8 . Common, pin 3. 


Thus, to illuminate BC for 1, circuits are completed to pins 
13 and 10. To obtain 0, circuits would be completed to all 
sectors listed except G, pin 11 

The decoder-driver ICs used receive the binary input in the 
usual form, for 1, 2, 3 and so on, and automatically provide 
oulpul circuits for the correct segments. These drivers canna 
of course be used with Nixies, for the reason explained. 

LED numerals are available in various sizes and colours, and 
to plug into 14 pin dual-in line holders. The DL7Q7 has 9. 3in 
high numbers, fits 14 pin DIL holders, and is suitable for 
circurts here 


Testing 

From the foregoing, it will’ prove quite straightforward to test 
a numeral which is not giving a correct display. [f the mumeral 
indicates correctly when appropriate circuits are made to it, 
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then the fault has to be sought elsewhere (such as in driver 
connections). But if the numeral is found to be faulty, this 
avoids any need for investigation of other circuits. 


OTHER COMPONENTS 


The transistors and integrated circuits used here are easily 
obtainable from many sources, and are generally inexpensive. 
Because of the latter point, the use of untested surplus [Cs is 
not recommended. These muy huye one or more defects, 
troublesome to locate. 

Holders for the ICs are not essential, but are recoruamended 
for all positions. They are Dual In Line (DIL), mostly 14 pin 
and 16 pin, and are available in various styles. 

If an IC is to be easily inserted in a holder for the first time, 
it is usually necessary to bend its pins slightly to make them 
purallel, This can be done with smal) pressure, Without care at 
first insertion, a pin may bend, or not engage correctly with its 
socket, Check each IC is the correct way round, as it is put in. 

Au IC can be removed from its socket by mserting a thin 
blude between socket and [€, and levering it up a little at cach 
end, Continue until it is free. 

In some circuits, operation will cease with a quite small drop 
in voltage, so that a correct supply must be available. Other 
Circuits are less liable to fail in this way. Some will operate 
partially, giving results which could suggest obscure faults in 
counting or other circutts. 

Excess voltage, or wrong polarity, must be avoided. Full 
details of various means of supplying power ute provided, and a 
small mains operated power supply unit will be of great utility, 

Resistors can generally be of 4 watt and smaller sizes, and 
these are easiest to accommodate, Capacttors, except fur a few 
isolated positions, are low voltage. Electrolytics may be 6V, 
6.4V, OV, 10V, 12V or as conveniently availuble. These are 
Benetally for by-pass purposes, so that values are not very 
critical, Similarly, in the smulicr vulucs of non-clectrolytic 
capacitor, 47nF and 0.05 wF (SOn!) are wterchangeahle. But 
in timing or oscillator circuits, valucs should he as given. 

Boards are U. lin matrix, as the ICs or holders fit these. The 
vanous methods of winng shown gencrally require hoards 
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without foil. If holders, ete., are placed one side of the board, 
and wiring is largely the other, rapid assembly is possible, with 
this method. Some units show wires run ahove and below the 
board, to obtain cross-overs. This will generally require a larger 
board. 

For soldering on 0. Jin matrix boards, a small iron, typically 
15 watt with bit to suit, will be almost essential. This, with a 
good quality cored solder, will rouke soldering easy, A good 
light is helpful when working, and occasionally a hand maynifier 
to exarnine some connections may prove useful. 

Some luvouts show boards with undermcath connections 
vertical or horizontal. Board foils can be used for these . 
circuits, foily elsewhere being cut with a drill or spot face cutter. 
Foil clad board may also be used with point-to-peint wiring, if 
wished, by cutting foils each side of connecting points. Foil 
clad bourd can also be cleared by immersing in etching sulution 
as if making « printed circuit, or by means of a file, for small 
boards, giving support by a fat surface, or by use of a power 
abrasive disc, preferably out-of-doors. 

Low voltage switches can be of the small slide type; or can 
be miniature or standard size toggles, 

Where a single power supply unit is going to be employed 
from time te time with various units, each may have a flex with 
non-reversible plug, to match a socket on the PSU. Small, 
low-voltage plugs and sockets arc available for this purpose. 

Stout leads are unnecessary, and introduce troubles such as 
broken pins, or short-circuits at joints. Most connections can 
be of thin wire, such as 30swg tinned copper. A stouter wire is 
used for positive and nevative lines, where several [Cs are 
present. 

ht is very useful to have a few different colours of narrow 
gituge sleeving, to put on leads, and help identify these. Very 
thin flex is also best for some other purposes, red for positive, 
black for negative, and other colours for switching circuits, ete, 
However, u non-miniature flexible conductor should be used 
for the mam power supply circuits, unless these are very short, 
and unly two or three ICs-are present. 


POWER SUPPLIES 


Current will most generaily be derived from AC mains, a reliable 
ssid economical supply being obtained by dus means. However, 
for some circumstances, battery running is feasible. 

Operation from dry batteries will generally. be for items which 
require only a rclatively small current, or are of a type operated 
for short intervals. Battery running can alse be adopted in 
some other circumstances, as when no mains will be available, 
o¢ when maing may not be used, or when an adequate current 
supply is available, as in a vehicle. 

Ic is impossible to state how many hours’ tise will be-ubtained 
from any particular battery pack, but some idea may be gained 
by inserting a meter in one supply lead (0 note average Current 
drawn. This can be compared with that taken by the typical 
hand-lamp, probably fitted with a 0.3A bulb. 


BATTERY RUNNING 


‘The 7400 series of [C3 normally operute from about FV, with 
lower and upper limits of 4.75V and 5,.25V, and an absolute 
maximum of 5.5V_ kt will be found thut many devices can be 
run from u 3-cell or 4.5V battery. This has the advantage of 
needing no series dropper or other voltage control. 

Where the ful] SV will be necessary, and current drain ts 
reasonably steady, it is in order to use a 4-cell battery pack, for 
6V, and drop the excess }V with 4 series resistor. 

Where the load varies throughout operation, as it often does, 
the straihtforward series limiting resistor is not suitable. It is 
then hest to employ a Zener diode for regulation, or transistor 
of IC regulators. With these, there can be an advantage in having 
a rather higher voltage available, such as 7,5V, 9V or i2V, 

The situation for a steady current is shown at A, Figure 4. 

A 6V supply is reduced to SV by R1, which drops 1V. From 
Ohin’s Law, R = V/I {voltage divided by current). So if 
100mA will be required, 1 volt must be dropped at G.1 ampere, 
1/0.1, so Riis 10 ohm. Changes in current drawn will resuit 
in corresponding changes in the voltage lost in RJ , so that tee 
supply docs not remain at SV. 
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The circuit at B is slightly better, as constant current drawn 
by R2 helps swamp changes in current drawn by the equipmen 
so the voltage dropped in R1 is subject to smaller variation, 
The targer the current drawn by R2, the greater the improve- 
ment, This is practical where a simple mains unit providing 1A 
or more for R2 can be brought into service, and a 10 ohm wird 
wound potentiometer may be connected as in C, and adjusted” 
for SV output at minimum load. It js also a temporary 
expedient for accumulator running, 

D uses a Zener diode, Assuming a |2V supply, R1 must dre 
7V, to leave SY available. With a SV ZD rated at | watt, the 
ZD current cunnot exceed 200mA, thus R1| is 35 ohm 
1¥W, In this case, an output of 0- 200mA can be drawn, 
Should the minimum load to be provided be known, this can 
be allowed for, to uprate the maximum load, As example, 
ussume the minimum load at SV is 200mA (not zero}. With 
200mA flowing through the diode, the totai through RI is 
400mA, so it may be reduced to 18 ohm 3W_ Maximum 
current which may be drawn will then be about 400mA. 

Where RJ is too Jow in value for the current the ZD must 
pass al mininum external losding of the supply, the diode 
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current is too great, and it # damaged. Where external current 
exceeds that for which R1 is suitable, the voltage falls below 
that of the diode, and regutation is fost. 

Zener diode regulation is convenient for some vchicle or 
uccurnulator operated equipment, where the continuous drain 
of the diode is of no importance. 


TRANSISTOR REGULATION 


Figure 5 shows a transistor series regulator for 12V DC input 
At A, the base of the NPN transistor is kept at a stable voltage 
by the diode ZD1, which receives current through R1, 270 2 
% watt. A 400mW diode is adequate here, as it only has to 
control the base current of the transistor. The emitter voltage, 
and consequently output, ts stabilised at near Ure base voliage, 
for relatively large changes in current drawn. 

A stnall difference in potential exists between base and 
emitter, and may be around 0.6V. ZD1 can thus be 5.64, for 
a 5V output. An output test with a meter should be made 
before connécting equipment. 
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Circuit B allows adjustment of output voltage. ZD1 provide 
a slightly higher voltage than required, and VRi allows the bas 
of the control transistor (and output voltage) to be set, with 
the aid of an accurate, high-resiitance voltmeter. ZD1 may 
he 6V or of higher voltage. VRJ can be around 500 ohms, or 
may be of lower value, with R2 in series, to open out adjust- 
ment. Rl is reduced to 150 ohm, % watt, R3 may be provider 
to draw a small current when no externa load is present, R3 
can be 470 ohm. 

Cl can be added for an AC operated supply, for electronic 
smoothing of output via the transistor, and ean he 100 pF, 103 

Various NPN audio and output type transistors may be used 
to suit the maximum current likely to he required. The 
BD139 is suitable for 1 SA maximum, and for larger current 
the 2N3055 is unlikely to be exceeded. A chassis, panel, case 
or heat-sink should be utilised as mounting, to keep tempenitw 
down, except for low currents where this is unnecessary. 


AC SUPPLY 


Figure 6 shows means of obtaining power from AC mains, 
Circuit A has a centre-tapped transformer, With this method, 
C1} will charge up to just over 1.4 times the indicated rectifier 
connecting points. So with a 9—0- 9V secondary, C1 will 
seach about 12.6V. The voltage across C1! will fal, as current 
is drawn. When this has dropped to the level where ZDi 


(Figure 5) can no lunger be supplied, control ceases and output 
voltage also falls, 

Cl can usually be about 15V working, and at least 1,000 ur 
for each | ampere. If the secondary is of higher voltage, Cl 
can be rated to suit. 

Circuit B is similar but uses an untapped secondary. A 
single 9V output replaces the 9--0—9V of circuit A. In each 
case the rectifiers may be SOPTV 1A, or IN4001 and similar 
typex, again up-rated where larger current is wanted. A bridge 
may he preferred for B, instead of individual rectifiers. 

The circuits in Figure 4 are not intended to supply current 
directly, but to provide an input for regulators such as those 
in Figure 5 from which the required SV will be obtained. 

Figure 7 is a complete supply. Here, 2 6.3V heater type 
secondary is conveniently used to provide some 7V to SV or so 
across Cl (1000 uF — 2500 uF), according to load. The diode 
ZU 1 maintains Trl base at approximately 5.6V, for approxi- 
mately SV output. C2 (47 uF) is for electronic smocthing, and 
is sometimes omitted. C3 (220 wF) provides a low impedance 
reservoir as abrupt changes in current drain arise with LEDs, 
decoders and other ICs. 

In building this and similar circuits, draw current from a 
3-pin plug with a 2A or other low rating fuse. This allows 
earthing of the secondary, for safety. A neon indicator {small 


neon with 270k to 470k serits resistor) may be placed across | 


the transformer primary. 

An earthed metal case is preferred, and Trl can be attached 
toa small heat sink, or may be mounted on the case. Except 
where the sink itself is fixed with insulated bushes and washerg 
Trl is isolated electrically from the sink (or case) by means of 
TO66 insulation set for the 2N3054, or TO3 set for the 
2N3055, This has 4 thin shaped insulator to go between 
transistor and sink, and bushes to allow fixing while maintajni¢ 
insulation between transistor body and case or sink. 

A tagboard or tagstrips wall serve to mount the capacitors 
and other items. Positive and negative output sockets will 
allow easy connection of external equipment. 

A check of output can be made under anticipated load 
conditions before first using the supply. 


IC REGULATOR 


The LM309 integrated circuit regulators are particularly 

useful for 7400 type ICs and other 5¥ supplics. These 
regulators automatically provide SV. They have intemal 
current limiting, and thermal shut down, thus protecting thenr 
selves and the power supply from a short circuit or severe 
overload. The IM309H has a TOS case. to which a finned 

heat sink can be fitted, and is suitable for 200mA. The 

1 M309K is of TO3 size, and suitable for 1A. | 

These regulators havc only three connections, in, out and 
negative. They may be mounted on-board in some applications 
Here, distribution of power is at a higher voltage, and each 
bourd with its iCs has iis own regulator, This has advantages 
for large equipment, as it avoids extonsive distribution of a 
regulated supply. 

Figure 8 is the circuit of a complete SV supply, able to 
provide-in excess of 1A, using the LM309K regulator. SR may 
be four individual 1N4601 rectifiers for up to 1A, or any 
similar 1A SOPTY types, or |.SA rectifiers for maximum 
rating. Alternatively, a bridge type may be used. 

There is some latitude in T1 secondary, but approximately 
8V should be found across Ci, 2t least, under full ioad, Some 
6.3¥V transformers are suitable; others will not allow this ta be 
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maintained. A 6.3V winding of fairly large current rating, such 
as 2A or more, is mast likely to be successful. Otherwise TI 
secondary can best he of slightly higher voltage rating, such as 
9V. A centre-tapped secondary, A in Figure 6, can be used 
instead (typically 9-0—9¥ or similar), If the voltage across 

C1 falls below about 7V, regulation may be lost. 

The LM309K is mounted on the chassis, panel or case, or 
ail Internal metal bracket, and this is common to the negative 
line. Heat to be carried away is not very great. As example, 
with 9Y input, and SV output, at 1 ampere, only 4 watts 
dissipation arises in the IC. 

A meter check prior to first use should show that the out- 
out is very close to SV. This is not related to the input voltage 
of the 1€, except where Ti provides insufficient voltage. C1 
+ may be 2200 #F — 4700 pF, 12V and C2 100 wF, 10. 


NEXTE SUPPLY 


Around 2S$0V DC is required for the Nixit, but only about 
lin A to 3mA will be needed per numeral. Figure 9 is a suitable 
supply. The voltage across Ci will be approximately 1.4 umes 
the RMS secondary voltage of transformer T1. C3 can be 
350V, 8 wF to 32 wF, and R1 is a bleeder, and can be 220k 

i watt, The rectifier can be a 2S0V 40mA bridge, or four 
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individual rectifiers if preferred. Half-wave rectification is also 
feasible, 

Operation from 250V will bc through an individual 33k 
resister for each GN4 tube, or 47k for XN13 and 56k for XN3 
tubes, with 220k to 470k fora decimal point. Low voltage 
reduces brilliance or results in no display or imperfect numeral: 
High voltage causes a reduction in tube lite. 

With a particular transformer at TI, voltage may be reduced 
by placing a resistor between secondary and rectifiers or 
between rectilier positive and C] positive, and reducing the 
value of R] so that some additional steady load is present. 

Draw mains powcr from a 3-pin plug having 4 2A fuse, und 
earth the secondary circuit at negalive, us shown. 

The Nixie supply and SV supply for the ICs cun be obtained 
from one transformer, using also a low voltage secondary, and 
IC of transistor tegulator, as shown. 


Multiplier for Nixie Supply 

A high voltage supply for a Nixie numeral tube can be obtained 
without the use of a transformer having a high tension 
secondury, by using a voltage quadrupler, Figure 10. 

A transformer with 12V and 24V sccondsries would allow 
the [2V tapping to be used with its own rectifier, Zener diode 
and serics transistor, fora SY supply, The 12V and 24V 
windings in series will provide 36V input for the quadrupler. If 
plucing the windings in scries provides a reduced voltage, 
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reverse connections to one, 

Other trunsformers may of course bo used. The eventual 
output voltage with no load is approximately 4x }.4 x RMS 
secondary voltage. Loaded, this fails rather rapidly, and was 
found to be 180V with the circuit shown, 

Four 1N4004 or similar rectifiers are suitable. All the 
capacitors may be 4 #F, 1SCV. Capacitors of higher working 
voltage muy be used, and all need not be of the same voltage 
rating. They should best be of about similar capacitance, and 
van be of larger value, such as 8 uF 

This circuit has no advantage over chat shown curlier, except 
that a high voltage secondary is not required on the transformer 
Rectiflers and capacitors ure readily assernbled on a taghourd. 


PROJECTS 


NIXIE NUMERATOR 


Various-popular games which combine skill and chance use a 
to obtain numbers. The simplest (¢.¢., such as Snakes & Ludh 
are wholly chance, but the more skilled {such as Backgammot} 
are determined in varying degrees by the players’ abilities, the 
element of chance allowing the less skilful player some succes 
The Nixie Numerator shown here will replace a dice. As 
described, it provides a number from Oto 9, thus slightly 
‘opening out’ some games. This is a welcomed modification 
for some players, Llowever, where the usual 1 10 6 is required 
this can be obtained by the modifications detailed ater. 

Figure !1 is the complete circuit (except lor the power 
supplies). Two transistors operute as 4 multivibrator when the 
push switch is closed, vulues being chosen to give a visible yey’ 
quite tapid change of display, Cl provides electronic ; 

‘momentum’, pulses continue to arise for a short iime after 
the switch is released, This simulates the effect of many 
mechunical devices of similar kind. ; 

Pulses go to 14 of 1C1, the binary coded decimul decade 
counter integrated circuit. This IC provides outputs along 
its 2. 12, 9, 8 and 11 tags which are 010 9 in binary form. 1 
is u decoder-driver, and decodes ils binary inputs at 3, 6, 7 andl 
4 into single ended outpuls at pins 16, 15, ctc., which connevt 
to Nixie pins 13, 12, etc., to display numerals 1, 2 and so on. 

It is appurent that asa random numeral display is wanted, 
the ontputs 16, 15 and so on, to 2, could be connected to 
of the Nixie pins 13, $2 along to 3. There would then be somy 
chance, but permanently set sequence of numerals, Thisis | 
teailily provided by taking these ten leads at random to the pli 
They are shown in correct order in Figure 11 because this 
does not effect the eventual working of the Numerator, and © 
could cause contusion later, when referring to circuits in whic] 
Humbers must appeur correctly. 

Thus the onmbcrs 0O—9 follow each other and repeat rapid 
a0 long as the push switch is held closed by the player, but stq 
a little while after this is released. The number obtained 
remains displayed until the switch is pressed again. . 
is 


Tugs 5 od the ICs are for positive supply lines, and 10 ane 
12 are common negative, as shown. Further details on 
building appeur futer. 
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Components for Nixie 6-9 Numerator {Figure 273 { 
(Resistors 4 5%} 


“A 


Ri 22k C4 47nF : 
R2 33k Trl /Tr2 2N3706 / 
R3 1 Sic IC} 7490N 
R4 1k IC2-7441N | 
RS. 33k EW Push switch | 
Ct 470 pF 6V Nixie GN4 : 
C2 2 uF GV 16 pin and 14 pin DEF. holders \ 
C3 2 uF OV Roard | 
t -6 Numerator : 
The ctreuit of this is shown in Figure 12. A different 4 
integrated circuit ts used in the IC] position, and outputs are 


$0 arranged that the decoder-driver [C2 is operaicd onty in such 
a way as to obtain 1 to 6. There is not a delay sach as would 
result if the other outputs were merely disconnected. } 
In Figure 12 pins 6, 5, 4 and 3, for the unused numerals 7, | 
8,9 and 0, are connected already if the Numerator is derived | 
from that for O—9, described earlier, If the tube is connected — 
for 1—6 only, and haze appears, connect these leads alsa, | 


Components for ? - 6 Numerator (Figure 12} 
(Resistors 4W 5%) 


Rl 2.2k Tri/Tr2 2N3706 | 
R2 33k (cl 7492N 

R3 15k 12 7441N : 
Ra 1k Push switch 2 
RS 33k KY Nixie GN4 : 
2 | 2 MF 6Y 16 pin and 14 pin DIL holders — 
C2 2pMF6Y Board 
C3 47nF | 
Construction | 


Figures 11 and 12 are so similar that one general layout will | 
be well suited for either. Thus only one is actually shown. The 
main difference arises in the connections to IC], namely 9-6, _ 
§8—TFund 11 4 for the 0-9 Numerator, with 2 and 3 also 
grounded, while only 6 and 7 are grounded for the 1—6° 
Numerator, and IC1 to £C2 leads are 11—6 and 9—7 with 4 of 


[C2 grounded: By using a wised board these changes are 
readily accommodated, or even the one type changed to the 
other 

Figure 13 shows wiring and tayout for the 0. 9 Nurmevator, 
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ising a board 17 x 21 holes im sive. Stout wire is not required, 
and is best avoided, 28swg being adequate, The underside of 
the board is shown, The ICs, components, and some 
connections, in broken lines, are on the other side of the board. 
To take the IC holder pins, 0.]in matrix perforations are 
necessary. A small iron should be used for soldering, as there 
is not a great dea) of free space where several connections or 
joints ovcupy adjacent holes, Resistor, transistor and capacitor 
Jeads come down through holes ax shown, and connections 
can then be made to the various points. 
Selder on red and black Mexible leads for positive and 
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negulive supplies. Also two flexible leads at P, for the push 
switch. 

Ten external leads run from [C2, from |, 2 and 8 to 16 
(excluding negative at i2}. These may be very thin flex; or 
thin single strand wire with small diameter insulated sleeving 
may be used. Take each of these leads in tum up through an 
adjacent hole, as shown, leaving them a few inches long. 

Figure 14 shows a convenient method of mounting the 
GN4. The panel has an aperture slightly Loo small to allow the 
front of the tube to pass through. A 6ba bolt is fitted each side 
of this hole. A piece of insulating material, such as paxolin or 
hardboard, is cut and drilled to fit on these bolts, and this has 
a smaller hole, to clear the tube pins. The tube is placed 
between the panel and this piece, and set with numerals 
vertical, und nuts put on to.clamp it in position. No force 
should be used. The flying leads can then de taken to the 
various pins, using short lengths of sleeving to form push-fit 
connections, in the way described, 

This method of assembly can readily be extended for more 
than one tube, by drilling the panel and a long backing strip 
for the required number of digits. One bolt each end, and one 
between digits. will be adequate, 

Where chassis type holders with fixing holes are used, these 
may be mounted on a sub-panel in the usual wav, and will hold 
the tubes in place. Surplus circuit-board holders consisting of 
a ring.of sockets may be mounted on a thin insulated panel, or 
may be put on the tubes after they have been fined as in 
Figure 14. It is necessary to use thin material for the back 
Strip, 

It is also quite casy to mark an insulated panel with the pin 
positions, using ink on the pins, or carbon paper, and to Unil 
sinall holes for them, Tubes can then be mounted by fitting 
thern to the panel or board, and can be held in place by the leads 
themselves, fitted closely to the board, 

Run « separate insulated lead away from pin 2, so that it can 
go to the scries limiting resistor, which can be mounted on the 
board or on a tag strip. 

Wiring as in Figure 14 will allow the panel with tube to be 
set flul over the circuit board and a depth of about 3in (76mm) 
inside the case will be sufficient, The push switch is on the 
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panel (or case top) near the tube, this giving cusiest operation 
in play 


“STEADY HAND” WITH COUNTER | 


The amusing game which consists of threading a small nng 
along a stout wire or rod, while avoiding cantact, can be | 
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improved by adding a counter. This is initrally set at 0, but 
contact between the ring and rod advances this, and the test is 
to complete lhe whole ‘course’ m a given time with under 9 
indicated, 

Vigure 1S isthe circuit, and this includes a mullivibrator 
which produces an audio tone when ring and wire touch, as 
warning. Suituble valucs for RI lo R4, and Cl and €2, arte 
given, hut there ts actually considerable latitude here, and in 
the transistors used. Smaller cupacilor values and lower value 
resistors raise pitch. C3 couples the audio to a small speaker, 
comnected at S. This should be of 8 ohm or higher impedance. 

The multivibrator part of the circuit is readily checked by 
itself, by completing the connection from VR1 to negative. 

C4 charges cach time ring und wire touch, moving 14 of 
[C2 negative, through RS. This advances the count, decoded 
by IC], and taken Lo the Nixie tube 

Without this delay network, formed by the capacitors and 
inckiding VR1, what is apparently a single contact between 
the ring aud wire muy in fact be revealed as a whole succession 
of contacts and interruptions, of extremely short duration, but 
able to advance the counter. In use, set VR1 so thar a brief but 
definite contact between the ring and wire causes the speaker 
to sound, and the count to advance by I. C4 tends to 
lengthen operation of the audio oscillator, and sound Irom 
the speaker. 

It is feasible to use a longer and rather more difficull 
‘course’ with this arrangement, compared Lo that where a 
single contact between ting and wire will lose the game. Book 
number BP48 Flectronic Projects for Beginners, published by 
Bemard Bubuni (publishing) Ltd., contains further constructional 
Uctails 

The Reset switch between 2 and 3 of 1C2, and negutive 
line, is normally closed. Momentary opening this returns the 
tube indication to 0, for the next attempt, The Reset switch 
can be a push-button breaking circuit when pressed, or a 
spring-loaded toggle wired to give the same result. 

Assuming that this game, like others, can be run from a 
gencral purpose AC opcrated puwer supply, no further switching 
is required. The transformer primary or main on-off switch 
will control buth Lone and LC supplies. 
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Components for “Steady Hand” with Counter {Figure 15) 
(Resistors &W 5%) 


Ri 47k C4,C5 1l0uF 6Vv 
K2 100k C6 47nF 

R3 22k Tel /Te2 2N3704 
R4 3.3k cl 7F441N 
RS 100 ohm IC2 7490N 
K6 Ik Reset switch 

K7 33k “AW Nixie GN¢ 

VR) 250 ohm pre-set 14 and 16 pin DIL holders 
C1,C2 Ol uF Board, ete. 

3 0.22 pF 

“TWINKLE TREE” 


This is an easy project for beginners, anu has « number of 
apptications. A sequence of ten light emitting diodes flash on 
One al 4 time, this being repeated so Jong as the circuit is 
operating. 

The LEDs can be used on a small table decoration, in the 
form of a Christmas tree, evergreen or artificial, or a suitable 
picture; or they may be placed at various points on a hanging 
decoration, such as a bunch of misticioe, or can be incorporated 
in other decorations or models. This provides an interesting 
and novel twinkling effect. 

The same circuit can be used with the LEDs placed round a 
numbered board, so that they Mash on in turn with a revolving 
effect, and can be halted by opening a switch 

Figure 16 is the complete circuit, including a small tnains 
power supply for operation from AC mains, If running is to be 
from an existing supply, or butteries, omit ZD1, DI, R6, C4. 
and Tt. The supply negative goes to the “E” line, and positive 
to tugs 5. It should be approximately 5V, as explained. 

The multivibrator Trl /Tr2 produces pulses which fon the 
input to the binary coded decimal decade counter IC], at tag 
14. This IC counts the pulses and provides a binary output 
at 1-12, 9, Sand 11, Tag 5 is its positive tine, and 10 
negative line. 

With counters having two or more numerals, as shown Jater, 
the IC can pass on a pulse to the “tens” section. Llere, it is 
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used alone-and vepeats the same series of Outputs over und 
over sO-fong as pulses are applicd Lo 14. 

1C2 is a decoder-iriver: its purpose is to receive the various 
inputs at 3,6, 7 and 4, and decode them into outputs at 16, 
15, 8, 9 and sv un, along te land 2. Thus each_of these ten 
points (16 to 2) provides a circuit to the appropriate LED in 
turn, 

All the LEDs are returned. through the common limiting 
resistor RS, to operate from the same 5V line, The effect is, 
that each LED is illuminated in turn, along the line, and when 
the last is reached, this is followed by the firsl, and the sequence 
is repeated, Check the LED polarity, and mark this with red 
sleeving, or other means. if the LEDs have no means of 
identification {long lead or flat side). 

Por the “Twinkle Tree’ the ten LFDs are scattered at random, 
and any LED could be connected to uny of the outputs 16 te 2. 
However, for the Roulette. where an appurent rotating 
indication is wanted, they should be in sequence in the order 
shown, 

Only one LED is on at a time, so current drain is only some 
40m or so, and this makes battery running feasible. This can 
be SV, obtained as explained (6V must not be used), or can be 
4.5¥ from three |.5V cells. 

TI (6.3V secondary} provides about YV ucross C4, and R6 
drops this for the 5.1V Zener diode ZD1_ A meter placed 
atross this diode should show about this voltage. 

Mains current is drawa from a 3-pin plug with 2A fuse, and 
this provides safety earthing of the secondary and low voltage 
circuit, A ‘double insulated” transformer specified us requizing 
no earthing may be operated without eurthing. Naturally 
conslruction and wiring must assure that no mains voltages can 
reach the secondary or low voltage circuits. 

With a battery or extemal power pack, assure polanty is 
correct. A thin red-black cord from the unit, with 2-pin non- 
reversible plug and matching socket on the power suppiy, wil 
be convenient for taking SV for this and other apparatus. 


Roulette 
‘The only change required is to place a push-button switch in 
the connection hetween the transistor emitters and negative 


29 


line.” The LEDs will then be illuminated in sequence so long a: 
this is held closed, and one will remain lit when il is released: 
A slightly higher speed may be adopted, by changing K3 to 
13k. 

Aboard should huve a circle drawn on it, and should he 
divided into 10 painted sectors, each with its own light 
emitting diode: The LEDs cun be a push-iit in holes drilled m © 
the board, or fit in grommets, with connections underneath. 
Jain afl positives together, and to RS, Ten thin flexible leads, 7 
running from 16 to 2, can then be soldered to the individual 
LEDs. 

The push switch js best on tap af the box. With battery = = 
running, place an on-off switch in one battery connection. This 
mains ‘Twinkle lree’ of Roulette is intended to be unplugged © 
from the mains when not in use so dots not require a switch. © 


Cirenii Board 

Figure |? shows components on Lop of the board, which is 
O.lin matrix, 14x 18 holes, with foils running vertically, 
Where foils are used as conductors, these are indicated with 
broken lines. IL is necessary tu make foil breaks between those! 
parts of the circuit which must not be connected, under C! an 
C2, hetween upper and lower rows of tags of euch 1C, between 
1,2 and 5 of 1C2 amt 14, 13 and 10 of [C], as clear frum 
Figure 17, 

First place the IC holders in pasition, alld solder the tags. 
Use a small iron and avoid excess solder, Horizontal wiresin | 
Figure 17 run on Lop of the bourd, and can be 24swg wire, Pus 
sleeving on the lead from IC] § ta R2, and also salder on red | 
and black flexible wires for the supply. ! 

Note that the base und collector leads of the transistors are 
differently positioned. ‘ 

Foil breaks can be made with « few turns of a shurp drill, 
held in the fingers ur in a handle. Uxamine these carefully to 
see that each conductor is curmpletely cut, and that points of © 
foil are not spread ourwards to touch adioming foils or joints. — 

if wished, the transislor multivibralor can be tested with 
headphones ov sinilar means in advance, und shondd be heard fay 
produce 2 continuwus series of pulses at moderate speed. % 

The integrated circuits will usually have pins spread tov 


30 


wide to fit the sockets easily. These can bo bent in very slightly 

by pressing the IC on a flat surface. Assure the indentalion or 

spot marking J ts at the correct end of the socket, in each case 
The tea points masked E take thin Moxible leads, soldered 


individual LEDs, as in Figure 16. ‘(he completed board can be 
fitted in a small plastic case, which may alse hold the battery, 
where this is to be used. 


: 
| 
: 
through the holes, and later connected fo dcgative at the | 
| 
For the Roulette game, disconnect the lead which runs 
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from emitters to 2 of ICi, and bring two leads from these 
points to a swilch which makes contact when pressed. The 
periodicity is slightly increased (this may be done by reducing 
R2 or R3, or capacitor C1 or C2) so that motion js too tupid 
for anyone to select particular numbers, 

It will be noted that in Figures 16 and |7 the numbcring 
for [C1 and IC2 is when viewing these from ubove. 


Components for “Twinkle Trec' and LED Roulette (Figure $6 


(Resistors 4W 5%) 

Ri 2.2k 1) T49UN 

R2 33k 1c2 F441N 

R3 33k Di INgU0! 

R4 Ik ZD1 $.1V 400mW Zener 
RS 220 ohm Diode 

R6 33 ohin 4W TI Transformer with 6.3 
C) 2 uF 6V secondary 
‘C2 2 uF 6V Push switch 

3 47nF or 0.05 pF DIL 14 pin holder 

C4 1000 uF 12V DIL 6 pin holder 

Tri 2N3706 10 off LEDs 

Tr2 2N3706 Board, ete. 

SIX-SPOT 


The Six-Spot uses a combination of gates, operated frum a 
divider which is pulsed by a multivibrator, and produces a 
display which resembles that of the usual six-sided dice. It can 
thus be employed for various games. The display changes 
continuously while « push-swiich is held closed, and remains 
illuminated when the switch is released, so that the number 
ean be read. The changing or running speed can he readily 
modified, but is a little too fast for anyone to select 
particular wanted numbers by releasing the switch. 

The Six-Spot consists of three sections: the 2-transistor 
multivibrator, which produces pulses to drive the [Cs; the 
four ICs with gates arranged to produce the required display, 
and the light emitting diodes, with their series limiting 
resistors, 

Current required is about 60mMA to 80mA or so, so that if 
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wished operation can be from a battery supply. An on-off 
switch is placed in one supply or battery Jead, to switch off 
completely when the Six-Spot is not in use, 


LED Section 

The top of the case caries the LEDs providing the display, 
and also the push-switch. This is of conventional type, closing 
when pressed. This cumpletes the negative circuit to both the 
inultivibrator emitters, and the rate at which the display runs 
may be modified by altering the values of Cl and C2 here, or 
the values of R2 or K3, Figure 19. Smaller capacitor valucs 
raise the changing frequency. 

To economise on space, the LEDs, with series resistors, are 
fitted to a neat top panel, and the multivibrator and [Cs wccupy a 
board to be mounted untlemeath- 

Figure 18 shows the underside of the LED display, The 
LEDs are arranged to light in arrangements corresponding tu 
the spots on a dice, as indicated. Onty D comes un alone, 
indicating |. More than une circuit may be completed. Thus 
A. B, F and G indicute 4, while with D ulsu on, 5 is displayed, 

Ri limits current through A and G in series. Similarly, R3 
is for C and F, and R4 for Band F, However, R2 is for D 
only, so is of higher value. 

Check the LEDs for polarity, with the supply and a limiting 
resistor, and if-no polarity indication is present, provide this. A 
touch of red paint could be used, or short pieces of red sleeving. 
Do nui bend the LED icgs near the body, or the LED may fail 
to work afterwards. 

A convenient size for the board is abuut 3 x 3in (76 x 76mm). 
The LEDs may be « push fit in holes drilled for the purpose, 
and be secured with adhesive, or can be a push fit in 
grominets which in turn can be put in the holes. 

Thin flexible leads will run from the points shown, to 3, 4, 
8 und f] on the IC bourd, Also provide a red flexible lead for 
the contmon positive 


Components for LED Board { Figure. £8} 

K1, R3, R4, 120 ohm “W 5% 

R2 270 ohm '4W 5% Panel approx. 3 x 3m, 
7 off 7mm o: similar LEDs. 4176 76mm) 


33 


e cs ° ° oo 80 
° 
3 ° ° ° soo 


The LED board and LEDs can be tested by taking the 
positive wire to a SY supply, Temporarily taking 3 Lo negati 
should light D. Similarly, 4 should light B and F, while 8 
should light Cand F, Connecting |! to negative of the su 
should light A and G. If any circuit fuils to operate, check 
LED polarity in particular, 


Multivibratur Section 
This occupies the left of the board, Figure 19, The board is 
0. lin matrix, 23 x 32 holes. Note that the emitter circuit ru 
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lo P, and the push switch will be connected from P to P, so that 
It completes the negative line. 

Other points are straightforward. Where Ci and C2 are not 
insulated, they should not touch each other. 

With RJ to R4, Cl and C2, and Tr] and Tr2 wired as shown, 
4 5¥ or similar supply can be connected to the resistor supply 
line, and emitters (lutter negative). Pulses should then be heard 
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io high resistance phones auross R4, or shown by a meter 
connected in series with R4, If this test is not satisfactory, 
check the transistors, resistor values, and other items here. 
gating and display cannot operate if the multivibrator is 
inoperative, 


Components for Multivibraior (Figure 79} 
(Resistors '4W 5%} 


Rl 2.2k Ci,C2 2uFo6v 
R2,R3 33k Trt, Tr2 2N3706 
R4 Ik 

integrated Circuits Section 


At first sight wiring to these may appear a little complex, bul 
if carried out systematically, it pives no difficulty. The me 
employed is to use fairly thin wire (say about 30swg) for all 
but the main positive and negative lines, and to ran undern 
connections from left to right, and top connections vertical: 

Use holders for the ICs, and count pins from 1 to 14, yi 
the board from the top. 

As example, take the two bottom [Cs, the 7404 at the fe 
und 7400 at the right. Cut a few inches of wie, and solder i 
to tag 5 of the 7404 holder, Draw the wire straight, and bri 
it up through hole X. Take it across the top of the board to” 
und down through this hole, Draw jt straight across to Z, ant 
up through here. Take it vertically until level with 6 of the & 
7400, down through the hole, to pin 6, solder and cut off. 
Similarly, 6 of the 7404 goes to 4 of the bottom 7400, und x 
on. 

It is essential 10 use thin wire, and if this is bright tinned 
copper, it will solder readily, If kept straight and reasonably 
taut. nn sleeving is generally required. 

The 7492 has positive and negative at Sand 10. The ot 
ICs have positive und negative at 14 and 7, as marked, These 
circuits are made with slightly stouter wire, about 24swe is 
convenient. 

Use thin flex or 30swg wire with Imm sleeving for the 
from [Cs to LEDs, Thus 4 of the 7404, marked B, is conne¢ 
to LED B, 3 and 13 of the top 7400 connect to LED D, and 
Take each Jead through a hole in the board, to help anchor it 
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Connections around the ICs may be ticked off against the 


following: 


11 to 11,12 
1], NC. 
14 pulse input. 


7404 


1, 7 to negative, 


7400 
1, 2,4 Ww 1, 12, 
3, 13 to LED. 
5 to 10. 
6 to $. 


7, 9, 10 10 negative. 


8, NC. 

11 to 9, 

12 to 1], 11. 
13,3, to LED 
14 to positive. 


7400 - 
1, 2 to negative, 


3, NC, 

4 to 6. 

5. 10, 13, to 12. 
7 to negative 

8, to LED 

9 to B. 

11, to LED 

12, 6 to 3. 

14 to positive. 


14 to positive. 


The ICs in this list occupy the same positions as on the board, 
NC denutes no connection. 

When inserting the ICs, assure they are the correct way 
round and that ali tags engage properly with their sockets 

The whole can be checked by applying power, and closing 
the switch connected to P—P. Indications should change until 
this is released. 1—6 then remaining, as the case may be, 

A plastic, metal or wooden case is suitable, with 
accommodation for the battery supply, or with a twin cord for 
plugging into a S¥ supply. 
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— for Integrated Circuits Section {Figure 19} 
74 

7404N 

2 off 7400N 

4 off 14-pin DIL holders 

C3 4nF or 0.05yF dise ceramic capacitor 

Push switch 

On-Off switch 

Bourd 23 x 32 holes, 0. lin matrix. 


NOISELESS SWITCH 


For testing, clock-setting and other purposes a manually 
operated switch allowing single pulses ts useful. if an 
oidinary on-off switch is used alone, multiple intermittent 
contacts when making or breaking, almost instantsneous, my 
provide a series of pulses to which the counter or other d 
will respond. 

The electronic noiseless switch in Figure 20 avoids this. 
uses iwo of the four 2-input NAND gates available on the 
7400 Quad NAND IC. The other gates may he lef unused, 
or can be employed for other purposes, when the 7400 is 
incorporated in a clock, etc. 

Each gute provides one input forthe other, and the first 
pulse on moving the switch to P will step forward a binary 
coded decimal decade counter IC, such as the 7490, one 
Positive and negative go to positive and negative of the 
equipment (e.g. SV supply), ‘The leud from 3 js tuken to t 
BCD IC, pin 14, or usual input. 

The components may be assembled on a small board, 
the 2-way switch fitted to the board, or to a panel or case. J 
spring-loaded switch can be used, o1 Ordinary toggle or slide 
2-way type. 


Components for Noiseless Switch (Figure 20} 
R1, R2 1k 4W 5% 

F400N 

i4 pin dual in line holder 

Single pole 2-way switch 

0.iin matrix board about 7 x 1) holes, 
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TESTING BCD DECODER-DRIVER 


Figure 2) will provide a guide to trouble shooting a binary 
coded decimal decade counter and its associated decoder 
driver, used to operate a Nixie numeral tube 

For testing purposes, a light emitting diode L ean be used 
in series with KR} (about 390 ohm). A flexible lead with clip 
trom RI is attached to « positive (SV) point. A bright, stiff 
wire from the LED wil) serve as 2 prod, and the LED will light 
when this is iouched on a negative point. LED polarity must 
be correct. 

Logic outputs from the 7490 BCD will be high or low, 
along the! 12,9,8und 11 tags. These outputs, 1—! 2, 
9, Sand 11, are connected dircetly to the decoder 744 
Inputs 3,6, 7,4, Therefore high-low tests made ut the 
i--12, 9, 8 and i1 points of the 7490 wiil agree with the 
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No. DISPLAYED: O [ 
PIN: 3131211 O9 


cornesponding 3, 6, 7 and 4 points of the 744), except when 
the conductor path is defective. This would indicate a fault 
in-wiring, foils, or uctual soldering, which can then be facated 

Where the high-low states of the 7490 ate followed 
throughont by the corresponding inputs of the 7441, 
connections from one IC to the other, here, are correct. 

Where outputs from the 744] (16, 15 . .. 2} are connected 

to the GN4 Nixie pins 3,13... 4 in the order shown, the 

fiumeral displayed will be 0-9 as shown, and will correspond 
to the binary uppearing on the connections between the 
7490 and 7441, 

The reason for a faulty display can thus be sought as 
follows: 


{a) Display sequence wrong. Check 7441 outputs and 
corresponding pin numbers, 

(b) Nomeral(s) Missing. Check Nixie as described. Check 
7441 outputs, or substitute operating numeral, or check with 
HT current meter limiting current to |mA_ This will show if 
tube, connections, or 7441 faulty. 


To check a 744}? is recciving correct inputs, the switch pu 
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(Figure 20) can be used. Connect it to positive, negative and 14 
of the 7490. Outputs from the 7490, which are also inputs to 
the 7441 as explained, can then be checked us below. Make onc 
series of tests after each pulse, observing the numeral displayed. 
‘0 indicates that the LED lights when its prod is touched on 

the IC tag sted. R1 being returned to positive as mentioned. 


Number Tag 
Shown 4 7 6 3 
0 U 0 5) 0 
] 0 3) 0 ] 
2 0 0 1 0 
3 0 f) ] 1 
4 0 l G 0 
5 u 1 0 | 
6 0 J ] Q 
7 Q I 1 I 
8 ] 0 O 0 
4 l 0 0 l 


Logical 0 is actually around 0.2 to U.SV at 10 to 13mA, and 
logical } may read from about 2.5V upwards with a meter only 
acting as load for the 7490, Logical 1 is typically 3.5V with a 
loud drawing O.8mA from the point tested, 

if these results are not being produced by the 7490, it is 
either faulty, or not being used correctly (check for omitted 
leads, wrong voltage, taps wot in halder sockets, etc). 

If the 7490 produces these sesults, but the 7441 docs nat 
give the correct outputs, it is faulty, or circuit incorrect (check 
for shorts, omitted leads, ete.). 

These tests should allow a fauit to be located in a counter, 
driver, or display tube, or ussociated wiring, With a minimum of 
difficulty, Where more numerals are present, tests need apply 
Only 10 that which is unsatisfaclory. 1t muy be easy to check 
some items by substitution, by unplugging them and piscing them 
in a section which operates correctly, 

The same type of test can be applied tw circuits having LED 
numerals. Refer to the list of decoder-dnver outputs by noting 
the sectors which will have to be illuminated for cach number, 
as given earlier 
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Other digital codes are also employed. That for the 749 
as follows: 


9 0000 
1 Oo01 
2 0010 
3 0011 
4 0100 
3 010i 
6 1000 
7 100] 
8 1010 
9 idtl 
G 1100 
1 110) 


The “Grey” code changes only one digit or bit at a time, © 
while the “Excess 3” code allows complementing by inversi 


0 ool) 9 1100 
i 6100 8 idll 
2 0101 7 1010 
3 O1ld 6 1001 
4 O1f] 5 19000 
LED RANDOM NUMERATOR 
This is among the simpter devices to use emploving a LED 
numeral, and the number displayed changes rapidly so long 


push switch is held closed, halting with a number shown : 
this is released. {t can thus be used in all kinds of games, as @ 
substitute for dice, or other methods of obtaining numbers fi 
ihe players, Chitdren may welcome the addition of zero and” 
8 and 9, to the usual { to 6, Lf these are not wanted, they 
can be ignored when they arise, 

A low voltage supply only is required. This can be SV fi 
one of the power supply units described, and current drain is 
\00mA to 15dmA, The Numerator will also operate satisfact 
from a 4.5¥ or 3-cell battery, and current drain is then abo’ 
80—120mA, fluctuating as the numeral changes. 

Figure 22 is the complete circuit. Trl and Tr2 form a 
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multivibrator, providing pulses asin other circuits described. 
Each time Tr2 conducls voltage drop across R4 takes pin 14 of 
[Cl nepative, and when Tr2 [s not conducting, and when the 
push switch is open, pin I4 ts positive, via the limiting resistor 
R4 
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ICI is a bmary coded decimal decade counter integrated: 
circuit as used for the Nixie displays. Its outputs arise al 
1, 12,9, 8 and 11, and have been dealt with fully. 

102 is a LED decoder-driver, which decodes these inputs, 
and provides ovlputs to light the correct segments of the 
7-section LED numeral. Thus two vertical sectors are lit for 
al] sectors for 8, and so on, as explained earlier, 

Resistors R5 to R12 are cach in series with one of the 7 
segments to lint current. The valucs of these resistors can 
modified. to some extent, to economise on current, or obt 
full brightness wilh no loss of operating life for the numeral, 

The numeral is a common anode type, and positive is » 
connected to pins 3, 9 and I¢. With some numerals, ail 
ihree positive pins may not be present, or may not be used. 
mark shows the top of the numeral. It can plug in a DIL 14 
pin holder, as used for C1. 


Components jor LED, Numerator {Figure 22) 


R} 2.2k 2 x 2N3706 

R2 33k Il 7490N 

R3 33k 1c2 7447N 

R4 1k 8mm common unode LED 
R5 to R12 270 ohm each Push switch 

(see text) 0. lin matrix board 

Ci 2 uF 6V 16 x 28 holes 

«2 2 uF 6V 2 x DIL 14 pin holders 


C3 47nF or 0.05 uF DIL 16 pin holder 


Board Layout 

Figure 23 shows layout on top of the board, -Thin tinned 
copper wire wall mos! easily solder and run through the holes 
from point to point, [1 is necessary to make smail joints, us 
a lightweight iron. With O.!in mutrix board a large bit will te 
to bridge two adjacent tags, and Jeave too much solder, while 
stoul gauge wires can cause trouble particularly at the fragile 
holder pins. 

The multivibrator section may be checked in advance, by 
taking a 4.5V or SV supply to emitters (negative) and posi 
line. A rapid pulse should he heurd at C2 positive, using hi 
resistance phones or similar means of checking. 
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Resistors may be miniature 1/8 watt or similar co: 
though % watt can be accommodated. Deal with the seven — 
output tags of 1C2 systematically, and no error need arise. E. 
15 to 2 at numeral, 14 1to 1t. 13 to 1, 12 te 13, 11 to 10,10) 
&, and 9 to 7. Shape the resistor ends to keep them awuy frog 
each other, and if needed place sleeving on the wires in ady, 
Wrong connections will be shown by an incorrect display of 
some nuinerals or segenents, 

Not afl the tags 3, 9 and I4 may he present, or be used for 
some numeruls, as mentioned. The numeral and [Cs must of 
course be put in their holders the right way. 

Connect points P to the push-awitch, best located on top 
the case. This can be a shallow box, and can hold a battery 
this is to be used. If xo, include an on-off switch in one ba 
lead. Where the AC power supply is to be employed, fit red 
and black leads, with a non-reversibic 2-pin plug, to take po 
from the SV output socket, 

Numbers should change rapidly until the switch is release 
one then remaining displayed. 


SCORER FOR BEZIQUE, ETC. 


This forms the basis for other counting circuits for various 
purposes, so operation will be described in detail. Reference 
should be made to this section, for multi-numeral LED coun 
When employed for Bezique, the counter is used with thr 
numerals (One permanently set to O, as required for this game 
and an over-flow indicator LED. Counting is by 10s and 100: 
as required, and after nine 10s, there is automatic carry to the 
100s, in the usual way, After 990 is reached, a further score ¢ 
10 or higher lights the ‘1000 up’ LED. This van indicate the 
game is won (two packs) or may be used to indicate 1000, io 
allow play up to 1990 {sometimes three packs are used), 
Addition urises in the usual manner. ‘Thyas if, us exarnple, 390 
hud already been scored, and 250 were obtuined for sequence, 
entering 2 at the ‘hundreds’ point advances the score to 590, 
while the 5 at the ‘tens’ point would move the display to 6 
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Units Numeral 
As shown in Figure 24 this stays at 0, Six segments are wired 
to negative, and the resistor R3 is from common anode to 
positive, 5¥ supply 

Where a counter will require a changing numeral for units, 
Lhis is operated from 1C3 in the way shown for the ‘Tens’ 
numeral, E.g,, IC2, 103 and the numeral form the first section 
of the counter, and will show 0-9, 

Foy the gatne scorer, scores advance by 1s, sono means of 
changing one numeral need be provided. 
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Noiscleys Switch 
The two gates of IC], with Rt, R2 and S), form the noisele: 
electronic switch required to allow advancing the Tens nunne 
us necessary, Operation of this type of circuit is described 
eailier. A simple mechanical switch is very liable to give s 
contacts when working (not normally impartant) which wou 
change Lhe numeral incorrectly 

S1 is a spring loaded togyte switch, for preference, and s§ 
wired thal when released the Tens nurncral changes, To alter 
the number by one, the switch moves from one contact to th 
other then back tv its original position. 

Thus for the Bezique scorer, to enter 20, press $1 twice, 
and sv on for higher scoves. 

Ourput from the noiseless switch, at 3, goes to inpui of t 
divider, ut 14, 


Divider 
I€2 divides by 10, giving pulses at 11, 4,9, 12 and 3, which 
pass (o 1C3, where they are decoded, and light the correct 
sections of the numeral 

Positive and negauve for iC2 are 5 and 10. These supply” 
lines are aften omitted tn circuits, but must of course be 
provided in the actual equipment. C1 is to suppress swit 
transients; which can upset other circuits. 

$2 is normally closed, and the counter then operates 
normully, S2 is a push-switch or other switch which can be — 
momentarily opened. It then resets the numeral to 0, and als 
resets tu O any other numerals controlled from the same reset 
line. When IC2 has operated IC3 in such a way that the num 
shows 9, the next pulse received ut 74 of [C2 changes the 
numeral to 0 and also gives an output pulse at 11 of 1C2. 

Where a number of numerals are to be used one ufter anott 
to count up to any required total, 11 will carry on’te input FF 
of the next section, 

In this game scorer, 11 is taken to 12 and 13 of a further 
gate, in order thar 100s may be added munually without 
iInternipting the carry from 102 when it arises. 


Numeral ,, 
A slight simplification is jntroduced by using a common ano 


resistor R4, and winng the segments directly to the decoder 
103. This allows seven direct connections from IC3 to the 
numeral. ‘The value of R4 which is correct for wa segments 
(number 1) és not of course ideal when inure segments are 
drawing current through the same resistor. Thus results in a 
slight dimming, especially with 8. 

In use, it has been found thal with some types of 7-scement 
LED, the loss of brightness is not sufficiently noticeable to be 
in any Way troublesome. Bur with LLDs of other manufacture, 
the loys is rather significant. 

Lf the numeral is wired as shown, with one resistor, and the 
segments dim excessively when several ure iltumiuated, then the 
resistor R4 should be removed. At the same time, place an 
individual resistor im each of the leads 15 to 2, 14 to 11 and sa 
cmt, (see Figure 22). Altematively, test (he LFD in the 


peimanent zero holder trrst, connecting tags for various muncrals, 


and noting the display brightness, [fF wished, the seven series 
resistors muy he inserted originaliy, R4 being omitted. This also 
applies to other numerals in this and sitnilar counters. 


Hundreds 

igure 25 shows the circuit assuciated with this numeral. ‘The 
cariy over from |[ of [C2 passes to 12 and 13 of 1C4. This 
inverter compensates for the presence of the following inverter, 
which receives input at 9, and provides output at 8, for 14 of 
ICS, 

ICS is the decimal divider, and 1C6 operates the hundreds 
mimeral in exactly the surne manner as described for the tens 
humeral, The use of R7 alone, or fttting a resistor for each of 
the seven segments, applies here, in the way explained. 

Input 10 of [€4 1s from the noiseless switch opersicd hy the 
Push-bution ar toggle $3 

The four gates of [C4 are uscd here, Positive for [C4 is at 
14, and negative at 7. Similarly, 1C5 and 1C'6 have positive und 
negative applied to the tags shown. 

The reset line carries on to 2 and 3 of ICS, and could run on 
lo other dividers, if these were fitted for thousands amd other 
numbers, Here, this circuit is associated with the ‘Thousand 
Up’ LED, 

When the hundreds numeral fas reached 9, the next pulse 
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causes output at 1}. This could run on to other dividers. 

Figures 24 and 25 combined allow counting up te 990, fo 
the game mentioned, with 10s by $1, 1005 by $3, and resettix 
tu zero by $2. 

If the operating digits in these two circuits were used, the 
counter would read up to 99. 

Where a numeral such as that for hundseds, Figure 25, is 
follow one for 10s, Figure 24, and there is no need to be able — 
to step forward the hundreds numeral individually, 1C4 muy 
be totally omitted. Then 11 of 1C2 directly drives 14 of ICS, 
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If the manual advance provided by S3 were omitted, a score 
of sxy 100 would mean operating the 10s switch SI ten times. 
$3 must be allowed to spring back to the positon which enables 
the pulse from IC2 to pass to ICS, or the hundreds count will 
not be automatic, It is thus best to use a spring loaded or 
joggle switch for $3, as described for SI. 

A manual advance svsterm similar to that furnished by IC4 
may he used between minutes section and hoors section of a 
clock. so that the display can be rapidly advanced to show 
the correct hour. 


Overflow 

An overflow indicator shows that the count provided for by 
the numerals has been reached or exceeded_ Ilere, it is for 
*|000 up’ or continuation to 1990 by playing with it lit. 

The overflow has to ignore the positive going pulse, out 
responds to the negalive pulse, and this is done with an inverter 
and small silicon cuntrofied rectifier triggered hy a capacitor 
input fo ifs gate 

Pigure 26 is.the circuit of this part of the scorer. Output 
from 11 of IC5 swings positive at 8, and goes nepative at the _ 
pulse after 9. The drop in collector current nvoves the capacitor 
positive, and thus triggers the SCR at its gate. The SCR remains 
in this condition until the cathode circuit is interrupted when 
resetting the numerals. This also takes place when initially 
resetiing, As @ result, the LED remains lit until another score 
is to be.starled from zero, (The operation of this type of 
device is covered in book number BP37 50 Projects Using 
Relays SCR’s and TRIAC’s by Bernard Babaut (publishing) Lid.), 


Construction 
Figure 27 is a suitshle layout giving ample space, using a board 
31 x 34 holes. Wiring around [C] for the noiseless switch 
(dupticated at 1C4) hus been shown in Figure 20. Wiring for 
IC2_1C3 and this numeral dan be seen from Figure 23 (refer lo 
the previous note regarding series resistors}. This is duplicated 
for 105, 1C6 and its numeral 

Tt is convenient to wire positive first, with thin red sleeving 
on leads, which can num along the top of the board above the 
LEDs. One negative, for 6, 7 and other returns, can run along 
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near the bottum of the board. Keep 2, 3 of IC2 and ICS 
separate, for the resect line. 
Bring out thin Mexible leads for the switches, remembering” 
that Si and $3 must be connected in the manner explained. 
Two units will be required, and shallow hoxes cun have twit 
leads to vun from a commen power supply. Switches should 0 
so arranged that they aze easily operated with one hand. ‘The 
numerals can come behind individual apertures, or behind a 
single opening, covered with tansparent material and having a 
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black paper mask (o suit, 

Faults are not very fikely, [f they arise, they can be easily 
localised. An incorrect zero will be from wrong connections 
here. Wrong tens displays, worked by S51, are most likely 
caused by errors between IC2 snd 1C3, or belween IC3 and 
) the LED numeral. [f no advance arises with operation of $1, 
Suspect IC| circuits, Similarly, if the hnndreds advance after 90, 
but not when $3 is used, suspect winng around these two gates 
of 1C4. Lf the count goes ahead correctly with 1) of IC? taken 
directly to 14 of ICS, then [C4 circuits are suspected. Failure of 
the LED to light ul 1000 after resetting and counting from 
zero would suggest an error in the transistor-SCK section. 
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Components for Scorer for Bezique, Ete, { Figures 24, 25, 
{Resistors 4W 5%) 


Ri, R2,R5,R6 1k C3, 1C6 FASTIN 

R3 220 ohm 7 off 14 pin DIL holders 
R4,R7 180 ohm 2 off 16 pin DIL holders 

RS, RIO 10k 3 off common snade LLD 
R9 3.9k numerals 

C} TF 81,835 Single pole change oj 
C2 0.1 uF spring loaded switet 
2N3706 or BC109 $2 Pash to break swilch 
2N5061 SCR oy SOV SCR LED indicator 

IC 1, 1C4 7400N 0. Lin matnx board. 


i€2, (C3 7490N 


MULTI-DIGIF COUNTER 


As explained, this is derived from the earlier circuit, und 
adapted for later units. Some of these will require a decimal 
point. 
Figure 28 shows four digits, for up to 9999 (or 999.9, oF 
99,99 etc.), Each digit has its BCD ur binary coded decimal 
decade counter, with vutputs to its own DD or decoder drivel 


which in Turn operates the 7-segment LED numeral. 

Input és to 14 of the first BCD. Outpul from 11 of this 
BCD provides input to 14 of the tens BCD, In tum, this BCD 
provides output at 11 for input at 14 of the hundreds BCD, 
which from 11 simifurly drives the final or thousands BCD at 
14. 

For a 24ligit counter, two BCDs, DDs and their numerals 
will be omitted. In the same way, omitting one BCD, the DD 
and numeral, gives a 3-digit counter. A 5-digit or 6-digit 
counter is made hy adding one or two further BCD, DD and 
numeral circuits, 

All positive and negative circuits are common, as shown 
eutlier, Where numerals are to be reset to zero, the related 
BCD tags 2 and 3 are tuken to negative through 3 switch which 
can be momentarily opened to achieve this, A common reset 
linc and switch can contro! ull the BCDs and their digits in this 
way, 

Foc a decimal potnt, a 1k series limiting resistor can be used, 
to tag 6. Should a common anode resistor he used for the seven 
major s¢gments, tfc value can be made up by placing « resistor of 
about $20 ohm between 6 and negative for the point only. 


Multi-Digit Counter Components {Figure 28} 

Each Digit: 7490N, 7447N, common anode LED, 14 pin,& 16 
pin DIL, holders, ? off 270 of resistors, 

Also: Board (0. lin matrix), 47nF capacitor. 


10X DIVIDERS 


{n some circuits it may be necessary to divide a count, without 
a display, Figure 29 shows twa !0X dividers, providing 100X, 
One 7490 used in this way would provide 10X. 

If one decimal divider is placed befure the 4-figure counter, 
the latter will count up to 99,999 but with four significant 
figures. In the same way, two dividers as in Figure 29 extend 
the count to 999,999, but again with only four significant 
figures, The four significant figures muy be adequate, depending 
on the purpose in view, 

One or more additional dividers of this kind, without 
displays, may be switched into use with vunous circuits.. As 
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example, u process timer with three numerals could indicate 
to ¥.99 seconds, or up to 99.9 seconds; or up to 999 seconds, 
With the longer times, the absence of one-tenth or one- 

hundredth figures could be quite acceptable, depending on the 


Purpose. 


DIGITAL STOP-CLOCK 


This stop-clock or stop-watch used with a three numeral displa 
wil) give Indications to one-tenth of « second up to 99.9 
seconds, or to one second up to 999 seconds. There are two 
ranges, selected by «u switch, according to the purpose and 
length of timing required. 

The digital indicating section consists of a 3-digit counter, 
constructed as alrcudy described, Buch digit will emptoy its 
own divider, driver, and numeral, and full details wilt be found 
in the circuits given. Two digits will give u useful display of up 
to 9,9 or 99 seconds. 

The timing and range-selection circuit is shown m Figure 30, 
IC 1 is the timer, with periodicity set by VRi. When Si is clos® 
pulses are obtained from 3 of IC1, SJ is the switch which is 
operated to time events and opened when the event ends, 
leaving the interval shown by the counter, 

Pulses from 1C1 are 10 per second. When the range switch 
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82 is as shown, these go directly to the first divider of the 
cuunter, so that the first numeral operates at 0.1 second inte 
At the same time, RS completes the circuit Lo Tag 6, su that 
the decimal point is ifluminated, The Display will thus be up 
to 9,9 with the 2-digit display, or up to 99.9 with the 3-digit 
display. 

When 82 is moved to the other range, pulses from 3 of IC] 
go to the additional divider IC2, before pussing to the counter. 
At the same Lime RS and the decimal point cease Lo be conne 
The display then rcads up to 99 or 999, 

The display with tenth-second included is sppropriate far 
various Competitive and other events. Lhis, however, isnot 
needed for photographic developing, and various other purpo 
So the range can be selected as required, and best use made of 
the numerals which are provided, 

With RI ai 47k and YR) 22k, the correct sctiing arose with 
about one-half VR1 in circuit. Lowever, this depends on C1. 
YR is adjusted with Si closed, until with 1C2 in circuit the 
counter shows 60 each minute, If the supply is not well by- 
passed place a 100 4 F capacitor from positive to negative on 
the board. 

A degree of uccuracy sufficient for many purposes can be 
obtained In this way, Where critical accuracy is required, the 
Quartz Stop-Clock described later may be adopted. The 
method in Figure 30 is easily uccurate enough for numerous 
uses. ©] may be a 2.2 uF tantalum or 2 #F paper cupacitor, 


Components for Digital Stop-Clock {Figure 30} 


(Resistors 5% “W) 
R} 47k C3 47nF 
R2 2.2k C1 555 
R3 100k Ic2 7490 
R4 15k &-pin DIL holder 
RS 1k 14pin Dit. holder 
VRI 22k or 25k linear $1 On-off switch 

pot $2 2-pole 2-way switch 

Ci 2 uF 16V Board 
C2 1OnF Counter as described 
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Roard Assembly 
A hoard 14x 15 holes will accommodate the components, 
Figure 31. Anchor points and cross-overs can be arranged by 
using hules and running leads above and below the board, 
Figure 31 shows the ICs from above, 

$1] is mounted on the case, anid ulso VRI, which can be 
adjusted with u screwdriver. For convenient timing of short 
intervuls as accurately as possible, a twin socket may be fitted 
in parallel with S1, and a flexible lead with push-switch to hold 
in the hand can be plugged in here, $1 then being lefi open. 

§2 is situated at any convenient position, and can be of the 
2-way slide type. Take its central tag of one pole to 3 on ICI, 
und outer tags to 11 and 14 circuits of 102. Solder RS to the 
other pole, using the tag which iffumiustes the decimal point 
when IC2 is not in use, The first numeral of the counter then 
changes ten times a secund. Hlumination of the poimt shows 
when this range is in use, 


CI should be a good quality component. Rotation of VRi 
for best timing is least critical when most of the required 
resistance is made up by R1, and it is in order to use a lower 
value for VR1, and t increase R1 (or udd other resistors in 
series) if required, 

Tuke positive and negative to the common 5¥V supply lines 
of the counter, and a lead to 14 of the first divider in the 
counter. 


QUARTZ STOP-CLOCK 


For critical time keeping, the 555 adjustable timer can be 
replaced by 2 crystal controlled oscillator, This generally 
operates at a high frequency, and is followed by a number of 
dividers, 

As example, it may ran at 1MHy. That is, 1,000,000 cycles 
per second. Integrated circuits, each providing division by 10, 
would progressively reduce this to J0OkHz, 10kl1z, [kHz or 
JOO0Hz, 100%lz, 10H? and 1Hz, or one pulse per second. 

In the crystal controlled timer here, a2 1OQkHz crystal is 
used. Four dividers reduce this to 10 pulses per second. This 
then replaces the pulses from the 555 timer, so that the [irst 
numeral of the counter can min at 0.1] second ar 1 second 
intervals, according to the range selected by $2, exactly as with 
the 555 timer. 

Thus the frequencies in the crystal controled oscillator to 
replace the 555 are 100kIIz, 10kHz, 1kflz, 1OGHz and 10Hz, 
while the optional divider shown in association with the 
origmal $55 can be in use when output at 1 second intervals is 
wanted, 

Figure 32 is the circuit, Tr1 being the crystal controlled 
oscillator. with base bias by RI, and R2 as collector load, Cl 
and C2 are part of the oscillator circuit. Trimmer T1, in series 
with the crystal, wlows a very slight shifting of frequency. By 
this means it is possible, if wished, to set the crystal by an 
external frequency standard, such as that obtained by reception 
of 200kHz broadcasis, or 2.5MHz or other standard frequency 
transmissions, This is dealt with fully in details of the radio 
frequency harmonic marker. 

The standard of accuracy may be considered much higher 
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than necessary, with 2 crystal intended for 30pF series 
capacitance, and a 30pF fixed capacitor in place of T}- 
However, it is quite usual to fit T1 in such equipment, allowing 
fine adjustment. This is only a matter of 9 few hertz in 100k! 

Tr2 is a buffer-amplifier, 1C1 to IC4 are dividers, ai] used in 
the sume way. Output from 11 of [C4 will go either to 14 of 
the counter, or 14 of IC2 in Figure 30 via $2, for the two ran 
as already described for the 555 timer, 

Closing $1 starts timing, as with $1 for the 555 timer, [C2 
of Figure 30 may be included on either board, 


Cumponents for Quartz Timer { Figure 32) 


(Resistors 5% 4W) 
RI 1.5 megohm Tel, Tr2 2N3706 
R2 2.2k Ti 60pF trimmer 
R3 220k XTAL 100kHz crystal for 
R4 2.7k 30pF serics resonance 
¢) 330pF silver mica IC1 to 104 7496 
C2 800pF silver mica Crystal holder 
C3 10n¥ 4 off 14 pin DIL holders 
C4 0.1 uF $1, board 40 x 16 holes, etc, 
Ch 100 pF 6Y §2, IC2, R5 ete, Fig. 30 
Timer Construction 


Components on top of the circuit board are shown in Figure 33. 
Drill hotes to take the crystal holder sockets, and Til. The 
positive and negative lines can be 22 swe Wire, mim along under 
the board. Thinner wire will be more convenient for leads from 
this to the [Cs, Connection are similar throughout, and can be 
checked against Figuee 32, It may be found easier to do a 
particular circuit for all ICs at the same time, As example, 2, 3, 
6,7 and 10 to negative on all ICs. ‘Then | to 12 with all [Cs, 
and so on, 

Solder on red and black flexible leads for the 5¥ supply lines 
at CS. Bring a similar lead up from 11 of [C4, to form the range 
selector switch connection. Thin flexible Icads run from $1 
points to this switch, described in reference to the S55 timer. 

As mentioned, with T1 set to about half capacitance, a very 
high degree of accuracy should be obtained, and can be checked 
by observing the counter. Adjustment of T] to obtain faster or 
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slower punning has a very smal] effect, and can be carried out 
as expluined for the harmonic murker for precision radiv- 
frequency purposes, 


Seconds-minutes Stop-clock 

The numerals have been shown readiny up to 99, or 999 with a 
3-numeral display. This provides for the losigest interval with 
a given number of digits, and is convenient for readings up to 
9.9 scconds or 99.9 seconds. Where substantially longer inte 
than 60 seconds will be timed, it is generally more convenient 
to modify the circuit ta indicate seconds und minutes. Thus « 
reading of 96.5 seconds. as example, would read as | minute 
30.5 seconds. 

This requites two numerals running up to 60, before a pulse 
is passed to the next digit, and conaeclions are shuwn in 
Figure 34, IC? is the 7490, providing input for its decoder 
1€2, which is connected to the 7-segment LED {with series 
resistors) as indicated. This section runs from G—9 nurmally. 

IC3 is 4 7492, und its output passes to the 7447 decoder IC4, 


and to segments of the LED numeral (with limiting resistors}. 
Connected in this way, [C3 and its numeral display up to 5, 
and when the numeral operated by 1C2 receives a count after 
9, the combined display of bath numerals of 59 reverts to 00 
and @ pulse passes from 9 of IC3. 

Input is to 14 of ICL. With pulses at | second intervals, 1C) 
and IC3 count up to 60 (00) in one minute, then providing 
the output pulse al 9 of IC3. This output pulse can pass to 
another similar counter, which will register up ta 60 (00) 
minutes, 

In order to indicate parts of a second, one divider with its 
numeral will be required before IC! jn Figure 34 for 0.1 
second inLervals, or two such dividers and numerals, for'0.0) 
second inicrvals. The way in which these ure arranged and 
connected has been shown, 

Sl is the reset switch, closed tu count, returning the display 
to OO, und this operates at 6 and 7 of the 7492. Positive 
circuits are made throughout to the SV dine, in the usual manner. 

Four numerals can provide readings up Lo 9 minutes 59.9 
seconds, with five numerals ging up to 59 minutes 59.9 
seconds or 9 minutes $9.99 seconds according ta the range 
wanted, 


Minutes-houcs Stop-clock 

The circuits shown allow timing up to 59 minutes 59 seconds. 
The next pulse will change the 59 second reading to 00, and 
pass a pulse to the 49 minute digits, which will then read 00 

Al the same time, a pulse is availabie from the minutes section. 
This may go tv an overflow indicator, which will show that | 
hour has elapsed, and subsequent minutes and seconds readings 
will be additional to this, 

It may be necessary to operate an hour counter, providing 
one pulse input for this each hour, from the minutes section 
The simplest hours indicator ts a single numeral. reading up fo 
9, thus allowing timing to 9 hours 59 minntes (plus seconds 
where fitted). 

Atternatively, two numerals may be used, reading up to 
24 hours, (Actual indication is te 23:59, returning ta 00,00 
al the hour). The circuit for this is shown in Figure 35, 

iCt and IC3 are 7490s, IC2 and (C4 are the decoder. 
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drivers for the 7-segment numerals, Counting must be so 
arranged that the units numeral runs to 9 when the tens numeral 
is at O und |, but only to 3 with the tens numeral at 2, with 
the whole hours display seturning to 00 at 24. input to IC] 
is } pulse per hour, from the minutes section, as described 

Three NAND gates in the 7400 ICS are used to arrange the 
count, and allow resetting hours to 00 by the swtich. This is 
nonnally closed, so that 9 and 10 inputs are low, output at 8 
thus being high. When the switch is opened, 9 and 10 go high, 
and & tow, so 2 is low, and 3 high. The latter point controls 
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both reset points of the ICs. thus opening the reset line and 
setting the numerals at 00. 

The reset switch is necessary to set the hours when beginning 
to time an interval, and may be incorporated with the minutes 
and seconds resct switch, when fitted 

When houss are being counted, inputs at 4 and 5 allow 6 to go 
Jow and 3 high to reset automatically at 24 hours. This results 
from combining the outputs of IC) and 1C3 as shown. 

Other parts of this section follow details given catlier. The 
numerals may have individual segment resistors, or run with a 
single teststor each, as explained, when this is satisfactory 

Thus the stop-clock {or clock) can have 4 numerals for hours 
and minutes, or 6 numerals to include seconds. Where 4 
numerals are considered adequate for the thning purposes in 
view, the section to divide by 60 must of coursc be present, 
though no decoder-drivers and numerals are necessary. It will 
thus consist only of two ICs — the 7490 and 7492 with 1 
second pulses in at 14, output from 11 of the 7490 to 14 of 
7492, and output from 9 of the 7492 ut 1 mmute intervals for 
the minute section of the clock. Join | and 12 of each 1€, 
4g shown for the circuit which inckudes the decoder-drivers, 
Also provide positive and ground or negative as-shown, 


RESPONSE TIME INDICATOR 


This will show « competitor’s response time, in 0.01 second 
intervals, to 9.99 seconds. It is similar to a ‘driving test? device 
which shows the delay between the presentativn of a hazard, and 
the ‘driver's’ application of the footbrake. Numerous other 
tests can be arranged along similar lines, such as threading a 
needle, placing peas in a smail bottle, turning cards or coins up 
and in sequence, fetching an object, or completing 4 short 
obstacle wourse, 

Figure 36 shows the circuit. The counter is 3-digit, with 
decimal for 9.99, and mums from the crystal oscillator described, 
with division for one-hundred pulses per second input to the 
first numeral, An adjustable pulser could be used to simplify 
the circuit, its uccuracy then depending on correct setting of 
this, 

51A 4s normally open, so that digits remain at zero. SIB is 
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the second pole of this switch, The use of a second pole allows 
any lamp, buzzer or belli to be operated, from 2 supply of 
suitable voltage. Switch $2 ts normally closed. 

When SIA/B is unexpectedly closed by the ‘tester’ the 
indicating device operates, and the counter begins to register. 
The competitor must then open S2 as rapidly as possible, ieaving 
the interval shown hy the numerals. 

A push switch, opening when pressed, is most suitable for 
§2, as this will then remain closed when released. 

For puzzles, games or tasks taking longer, the timing can be 
extended to 99.9 seconds by fitting a 2-pole 2-way switch. One 
pole transfers the vircuit to move the decimal point to the right, 
and the other inuoduces one further 7490 divider, 


SOUND INITIATED TIMER 


This may be used with any timer, but one showing minutes 
and seconds, with fractions, running from the crystal controlled 
oscillator, would be most suitable, Timing begins when a sound 
of enough intensity arises, and will normally be initiated by a 
blank firing starting pistol. 

Times circuits to operate the numerals have been shown. 
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Figuee 37 is additional to this part of the equipment, and 
starts timing by automatically closing the reset line. 

A small 60n1m speaker of about 75 ohm impedance acts as 
the sound receptor, and is coupled to the first amplifier Trl 
by the capacitor Cl. RI provides buse current here’ Arnplified 
signals arise across R2, and go to Tr2 via C2. Rectification by 
diode D1 moves the base of Tr2 negative. This isa PNP 
transistor, so collectet current through VR1 rises, moving the 
gate of SCRI positive. This triggers the silicon controlled 
rectifier into conduction, and jt reniains in this state so that 
the timer continues to aperate. 

VR allows adjustment of sensitivity, and this must not be 
too high, or other sounds can trigger the SCR and start the 
timer. Position the microphone (speaker unit) facing the 
firing location, with sensitivity to give reliable working. 

The LED and series resistor act as an ‘on" indicator and 
pass current to hold the SCR in conduction. 


Lalting of the timer can be by any of the methods shown, 
and not resulting in alterations to the count due to imperfect 
contact or other defects. Interruption to the counting chain 
is Satisfactory provided it is at a point of quite lugh frequency, 
On the other hand, interruption by a slide switch, at the coun 
input, would usually result in a random jerk ahead of several 
figures, due to the imperfect contact desenbed elsewhere. An 
electronic nuiseless switch, such as shown, may also be adopted 
1u stop the count with its display remaining illuminated. 


Camponents for Sound initiaied Timer (Figure 37} 
(Resistors 5% 44W) 


R} 1.8 megohm ox) 1000 uP 

R2 4.7k Ts! 2N3 706 

R3 270 ohm Tr2 2N3702 

R4 Ik D1 OA90 etc. 

VRI  500chm(4700hm SCRI 50V lAor 
suitable) similar type 


cl 0.5 uF or 0.47 pF 24in or simular 
G2 0.5 RF or 0.47 #F = 75-80 ohm speaker. 


LIGHT OPERATED COUNTERS 


A counter operated by internaption of « light beam has 
numerous applications. The circuit in Figure 38 is so arranged 
that the counter advances by | each time light is shielded from 
the light dependent resistor. 

The (LDR hus a typical resistance of some 1k to 3k ar so 
when hit, and 100k or more when not illuminated. When light 
fully on it und its resistance is low, il holds the base of Trl 
negative, so that collector current is negligible, The voltage 
drap in R2 is small, and input to 14 of the counter is high. 

When the light path is interrmpted, the LDR resistance rises 
to a high value, and base current via Rl and VRE cause 
collector current to flow through R2, so that point 14 moves 
negative, advancing the count. The count is not further 
advanced by restoring light to the LDR. VR1 allows adjust- 
ment of sensitivity, and Ri is to avoid damage to Trl by 
curciess adjustment. 

To Figure 39 the circuit is so avranged that the counter 
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advances 1 each time the LDR is illuminated. Here, 


when the LDR is not lit, its resistance is high, so ¥YR1 maintains 
the base negative. When light falls on the IDR, its resistance 
falls, providing buse current, so that voltage drop in RI moves 
14 of the counter negative. Note that in this case the counter 
advances when light reaches the LDR, but the count does not 
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advance when illumination fails. 

For these circuits the ORP12 or similax LDR wili be suitabli 
with 2N3704, 2N3706 or BC1O0Y for Tri. In Figure 38 RI is © 
33k and VR1 1 megohm linear, with 1.8k for R2. In Figure 
VR1 is 4 470k linear potentiometer, and R1 18k. 

In each case a high resistance volumettr may be clipped 
from Trl collector to negative tine, and VR/ adjusted until 
suitable high and low readings are obtained with the 
illumination which will be present, 


Persons Counter 
This will show how many times a light beam across a doorway 
has been interrupted, and may be used where this gives access 
Lo a demonstration, separate purt of a shop, etc. Operation 

is least critical where general illumination of the LDR is 
fairly subdued. 

Fit the LDR in a tube, with the counter, one side the door- 
way, and directly opposite have 4 smull, low-powered spot- 
light, or sunilar means of illumination directed at the LDR. 
With VR1 suitahly adjusted, the counter will advance by 1 
every thine an Opaque object comes between light source and 
LDR. Avoid any setting which results in the counter 
responding to flickering of the light at mains frequency. 

A 3-numeral decimal type counter will register up to 999, 
and a manual reset switch will allow returning this to zero a3 
necessary. Placing one decimal divider, without numeral, 
before the counter will allow counting up to 9998, with displa’ 
to the previous ten. 


Revolution Counter 

Direct interruption uf the tight beam by a rotating part is 
sometimes possible. The hean) may pass through the holes of 
a lathe fuceplate, spoke spaces of a flywheel, or something of 
this kind. A small light on a flexible cord, with tube to direct 
the beam, will be convenient. Needless to say, care is exercised 
to keep clear of moving machincry. 

The final count will be divided by the number of 
interruptions per revolution -- as exumple, six, for a 6-spoked 
wheel. Where the test will often be made on one machine, or 
with one similur sct of conditions, an extra IC (to divide by 6, 
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or as required) may be placed between Tr! and the coumter. 

For RPM in the simplest manner, emplov a watch sith 
seconds hand, and a noiseless switching system, operated by a 
push button, which cau be held down for 1] minute. This gives 
easily cnough accuracy for most such purposes, It also allows 
expansion of the rcading, by timing, as example, for 30 seconds 
only, and doubling the count to obtain RPM. 

For automatic counting, a timing gate |s used. This opens 
for one minute (or generally such shorLer interval as may be 
selected) and thus the counter registers for a known period, 
from which the RPM may be derived, Such u method becomes 
essential for very brief timing intervals, and will be found in 
the section on frequency counters. 

Where light cannot be directed through « rotating wheel, 
the same result may be obtained by reflection from un area 
of white pulnt on the rim of the wheel, or sume other con- 
venient point The light must then be directed only at this, 
and the LDR is shielded by « tube so that only reflected light 
is picked up, If the whole surface reflects, paint an area matt 
black, 


6-Digit Frequency Counter 

A frequency counter can best be assembled as a number of 
units, which may be tested separately. This avoids having 
completed the imstrument, and possibly having some obscure 
fault which could be difficult to locate. It may be divided 
into the following section, as a matter of convenience nm 
construction 


6-Digit Counter, This will allow counting up Lo 999,999, and 
with a central decimal point and kllz operation, allows reading 
audi« frequencies and radio frequencies over a uselul range. 
Frequencies will be shown directly, Thus 0U0.050 will be 

50 hertz, 000.862 is 862 hertz, GOI.500 is 1500 hertz, or 
1.S5kHz, and so on, up to fuil capacity. Frequency coverage 
can be extended by moving the point or changing the range 

by a multiplier, for frequencies higher than 999.9kifz A LED 
numeral counte; {s indicated, but where a counter has been 
made with Nixie or other numerals, this will operate in the 
same way 


Clock. This controls the gating interval. Thus, if the inte 

is | second, pulses are counted for this period. As example, i 
the counter section registers 013.000, during 1 second, the 
frequency is | 3kHz, or 13,000 hertz or cycles per second. 
Other ranges may be obtained by changing the gating interval, 
if this were reduced to one-tenth of a second, only 1306 
pulses would be counted. So the range has in effect been 
multiplied by 10, ff the gate is open for longer or shorter 
intervals, the number of pulses counted will be gfeater or 
smaller, A correct interval is thus necessary, and this is 
obtained by using a crystal controlled oscillator or clock. 


Gate & Reset. The gate is opened and closed by adual J K 
flip-flop, so arranged that one pulse triggers it open, and the 
next pulse triggers it closed. The input signal, which is to be 
counted, can thus pass lo the counter section for I second. 

The countez has to be reset to zero after each display, or 
the counts would add one to unother, This is arranged by 
opening the reset fine then closing it before the count begins. 

These methods of working provide a resolution which will 
normally be accurate to I digit. 


Amplifier and Shaping. To sliow various inputs to be dealt with 
an input amplifier is usually incorporated. This raises the 
signal levels of low-level inputs so that they ure able to operate 
the counter, When a faicly hich degree of ampiification is 

provided some means of attenuating strong inputs is usual, or 
harmonic and other features of the input may udd to the count. 
These case to be recorded as the input is attenuated. 


Counter Section 

Figure 40 is a block diagram of this, 1. will require six LED 
numerals with holders, six 7447 decoder-drivers with holders, 
and six 7490 decimal dividers with holders, 

Connections from the 7490 to the 7447, and from 7447 to 
the numeral, have been shown in earlier circuils. Each 7490 
receives input at i4. Fach 7490 (except for the iast numeral) 
provides output at 11 for the next divider. 

Fach 7490 has G, 7 and 10 grounded to negative. At cach 
7490 2 und 3 are connected together, und to 2 and 3 of the next 
7490. This is the reset fine. common to al] six dividers. The 
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counter operates when this line is switched to negative. With — 
this switch open, all numerals indicate zero, 

The decimal point of the third numeral is permanently lit 
(pin 6) by current from 4 470 ofim resistor, Positive and other 
supplies for the numerals and ICs are arranged in the way 
previously explained. 

This section is constructed on O.!in matrix board, and needs 
ouly four external connecting points. These can be colour- 
coded flying leads, or pins on the board, They are positive. 
Negative, reset line, and input to 14 of the first ar units 
divider. : 

Hand wiring of a counter of this kind is greatly speeded by 
using thin tinned copper wire with a few colours of very small 
diameter insuluted sleeving. First provide positive and negative 
bus-bars of 20swg wire, for the ICs. It is then best to reproduce 
the wiring of one section for all sections, pomt by point. Ax 
eXample, connect | to 12 at each 7490 and tan the wire on 
to 7 of its 7447, Connect a wire to 11 of each 7490, pass 
through sleeving to 6 of each 7447, solder and cut off. In this 
way the correct duplication of circuits is eased. 

The finished board can be checked by temporarily co 
a SV supply, and noting that all numerals are zero until the 
reset line is connected to negative. An input may then be taken 
to 14, This can be from the 555 pulser, at low frequency at 
first to observe correct working of units and tens, then speeded 
up to allow checking of hundreds and thousands until ai] 
numbers reach 9, A tault 2t any numeral may he traced to an 
IC, connections, or numeral, as explained elsewhere, and ICs 
are easily tested by substitution from u section displaying 
correctly. 


Mack 
Figure 4] is a block diagram of this. Hefe, a 1 MHz crystal 
controlled oscillator is fitted. Subsequent decade dividers 
reduce this frequency to JOOkHz, 1OkIL:, lkHz, 1001 lz and 
1H, or 1 pulse per second. Pulses muy he taken ut the rate of 
either ten per second, or one per second, These go to-the pute 
enabling section, opening the gate for one-tenth second, or one 
second, fortwo frequency ranges, as mentioned. 

This section uses a crystal oscillator, as already shown, and 
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five 7490 decade dividers, with holders. Ground to negative 
2, 3,6, 7 and i0 of each 7490, Take input to 14, and output 
from 1, Also join | and 12 at each IC, A positive supply ts 
required at 5 of each, Ry-pass positive to neputive with a 

0,1 #F capacitor on the board. Additional information on 
such a erystal oscillator, with wiring, will be found eartive 

The clock can be checked by means of the counter board, 
by taking 19Hz or Iz output to the board input (14). Join 
positive and negative lines. The count should advance at 10 o: 
1 per sccond, according to input frequency selected, 

The crystal can be set exactly to frequency in the way 
éxplained for the radio frequency marker, 

The possibility of a plus or minus error Of | arises with 
frequency counters because there is no synchronisation between 
the incoming pulses to be counted, and clock pulses. This is 
normally ignored 


Gate & Reset 

Two [Cs are used for this sectian, Figure 42. The 7400 provides 
a noiseless initiating switch and pate to pass incoming pulses. 
The 7473 isa J -K flip-flop arranged so that the gate allows 
pulses to pass to the counter for one timing interval only, 

| upon each occasion u reading is taken. 

The operation of two NAND gates in the noiseless switch 
circult hus been described, It controls 5 of the 7473, Clock 
pulses at 1 second intervals.(or some other chosen frequency) 
acrive af 1. When the 7473 is set by that half of the 7400 
forming the noiseless switch, from 11, the next pulse at | of 
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the /473 vives olltput at 12 which allows the gate to conduct 
when pulses atrive at the gate input 1 of the 7400, These 
pulses, of the frequency being measured, thus appear at 3 

of the gate. When the next clock pulse acrives at 1 of the 7473, 
output from |2 closes the gate. Pulses at 1 of the 7400 gate 
no longer appear at 3, and the count stops. 

A frequency reading is ubtuined by pressing and releasing 
the push-switch. The yatc then opens at the next clock pulse, 
the counter operates, and the gate closes, leaving the count 
displayed, 

As numerals need resetting to 7¢10 between counts, a second — 
pole on the push-switch opens the reset line, so that this is 
obtained automatically. A 2-pole spring loaded leaf switch is 
most suitable, and contacts are bent so that the reset line is 
completed before connting starts, It should be noted thui the 
cunnections from the noiseless switch are nut reversible, as if 
the gate is enabled while the reset line is open, no indication cam 
arise, Reversed connecliuns here can also cause different 
counts cach lime, due to the reset line only being closed for a 
part of the counting mierval, which will in turn depend on haw 
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the switch is operated. A mechanical switch from 5 of the 

7473 can he reasonably satisfactory, but can result in changing 
counts with the same frequency, duc to switch imperfections, as 
explained clsewhere- 

These two ICs may he fitted to a board which will also 
carry the mput amplifier. To test this section, connect 1 
second pulses from the clock board to | of the 7473, and take 
3 of the 7400 gate to the input 14 of the counter. Apply a 
suitable input — such as that from the $55 pulser shown later — 
Lo 1 of the 7400 gate. The counter should then be seen tu run 
for | second, after the switch is pressed, und should display the 
sane itumber cach time (plus or minus |) unless the input 
frequency changes (due ta temperature changes, etc.). 

The switch should be located for casy operation, when the 
counter is in Use. This method leaves a stable reading, which 
will remuin as long as wanted. The switch ts pressed each time 
a new reading is required. For automatic operation it is 
necessary to have a multivibrator (Figure 44) or other means 
of controlling the 7473, giving suitable repetitive count and 
display times. To provide a continuous display, the count has to 
be taken into binary coded memories or latches, then toahe 
decoder-drivers, with a control section which initiates each 
action in correct sequence. 

For two ranges, a 2-pole 2-way switch can be used to take 
clock pulses at | second and 0.1 second intervals. 


Amplifier 
A simple amplificr which will provide a sensitivity of approxi- 
mately 0.5 volt is shown in Figure 43. VR1 allows attenualion 
of greater inputs where necessary. The transistor collector swings 
negative when the transistor is conducting, Pulses only pass 
through the gate to be counted when this is opened in the way 
described, 

A screened lead with earthing in the usual way is generally 
necessary to avoid mains frequencies becoming associated 
with the input. For high freugencies, stray capacitances must 
be kept down, both in layout and test lead, or sensitivity falls 
off from the shunting effect introduced in this way. 

An increase in frequency, beyond that with which a counter 
iS normally uble to-deul, is usually provided by means of a pre- 
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scaler, if required. Typically, this can consist of a single decade 
divider, able to operate at high frequency. it is fed from the 
frequency to be measured, and its quiput passes to the counter. 
As it divides by 10 (or other chosen figure) ati the frequency 
counter indications are multiplied by 10. 

Increased sensitivity, where wanted, is obtained by using 
a further amplifier, and « Schmitt trigger is frequently placed 
in the arnplifier output circuit, before the gate, This is operated 
by the sine and other waveforms present. A variable 
attenuator (VRt) may be replaced by a switched resistor 
attenuator, with a number of input levels. 

Where required, DC isolation of input is abtained by placing 
& capacitor in series with the input circuit. This can limit the 
Jow frequency, or prevent very low speed counts. Diode 
limiters may be present ucrass the input, to clip this to u pre- 
set level. Various methods of providing compensation for 
changes in frequency can also be provided. 

Errors in counter readings are mst likely to arise from 
external sources, such as pick up or leak-through of mains 
frequencies or strong RF or other frequencies. Overloading 
muy allow otherwise insignificant harmonics to register, 
insufficient level of input may result in reduced counts if the 
level vanes, only some pulses being of sufficient magnitude to 
operate the counter, Very high numeral indications, with no 
input, usually indicate instability in the amplifier section, 
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which is generating oscillations which pass the gute and operate 
the counter section. 


DIGITAL SIGNAL GENERATOR 


This uses a counter with five numerals to read up to 99.999, 
clock, gate, and gale operating circuits with inpul amplifier 
as shown for the frequency counter, To enable the gate to 
puss the signal from the signal generator section in order that 
the frequency can be displayed, 5 of the 7473 must go low, 
then the count continues for one clock pulse when 5 goes 
high. This is initiated hy one-half of the 7400, using two 
gules, us shown, 

Automatic display can be provided by means of the muiti- 
vibrator in Figure 44. Ci and C2 are of dissimilar value. The 
collectors of Tr! and Tr2 drive the 7400, Point [0 goes high 
briefly, and so does the counter reset tine, for return to zero. 
At this time 12 is iow. Point 10 and the reset line arc held 
Jow for a longer period. This allows the 7473 to open the gate 
at the next clock pulse, and close it at the following clock 
pulse, the count remaining displayed, 

In use, frequencies are displayed for abour 2 to 3 seconds, 
this being repeated automatically. The count-up for 1 second 
periods is readily seen, but for G.1 second or sharter intervals 
can scarcely be seen, and neither interferes with the easy 


teading of the number shown, 

Note that 12, and 10 (with reset linc) are not reversible, 
unless Ct and C2 shoukt also be exchanged. Ri and R4 may 
be 1.Sk each in parallel with the similar resistors in Figure 42, 
if this auto-display is added, 


Components for Figure 44 


{Resistors 5% 44) 
Rt, R4 750 ohm C2 2uP 
R2,R3 33k C3 470 pF 
Cl 470 uF Trl, Tr2 = 2N3706 


With the multivibrator controlling the counter, results 
should be the same as when the reading was obtained by means 
of the 2-way push-switch, except that they are obtained, display 
and cancelled automatically. 

The upper frequency limit at which such a counter will 
operate depends largely on the first decade divider. Where a 
high frequency is required, this is generully « sclected IC, an 
IC designed for HF purposes, ar a pre-scaler as described. 

Where the waveform is not important, the 555 pulser can 
be arranged fo operate up tv about S0kH2 by employing a 
switch with more ways, selecting capacitors down to 2,000pI’. 
The output may operate the counter for frequency display 
directly, or may feed the amplifier through 4 resistur of about 
82k, 


Audio Oscillator 

Figure 45 is the circuit of an adjustable audio oscillator 
able to operate over the frequency range of approximately 
15H to 20kHz, Output is amplitude stubilised, and of sine 
wave quality, Operation is from a 9V supply. The counter 
input smplifier is fed via a series resistor from the point C, 
the input amplifier potentiometer im Figure 43 not being 
required 
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Components for Audio Oxcitlator (Figure 45) 


(Resistors 5% 4) 
R1,R2 6.8k VR2 stk linear potentic 
R3 1.2k meter 
R4 109 ohm Ci 1000 pF 10V 
RS Type R53 thermistor €C2,C5 1 uF 
R6 680 ohm C3,C6 0.1 pF 
R7 10 ohm C4,C7 10nF 
RS, RY 18k Tr), Tr3 BC108 
Rid 10k Tr2 BCI86 
Ril 8.2k SLA/B  2-pole 3-way switch. 
VR1A/B2-gang 10k linear Board, etc. 

potentiometer 

RADIO FREQUENCY MARKER 


This unit allows exact calibration of a radio receiver, signal 
generator, or the variable frequency oscillator of a transmitter. 
Provision is made for marker pips at 1MHz, 1O0kRz and 1OkHz 
intervals, up to JOMHz; or higher with a sensitive receiver. 
In use, the |MHz pips will only be required with equipment 
which is badly out of adjustment, or home-built apparatus 
where the frequency is almost completely unknown. The 
100kH7 pips appear ai one-tenth intervals, and are of con- 
siderable use. For bandspread receivers or VFO calibration, the 
10kHz pips allow division of 100kHz sectors into ten. 
Figure 44 is the circuit, and two gates of the 7406 IC1 
function as oscillator. operating with a 1MHz crystal. The 
resistors ure tu provide suitable operating conditions. Trimmer 
Tl, in conjunction with C1, allows slight pulling of the crystal 
frequency, so that this can be set by means of an external 
standard, such as 200kHz radio broadcasts, or the standard 
frequency transmissions on 2.5MH7, SMHz and other frequencies. | 
The remaining gates of this IC are used as buffers. 1C2 
provides division by 10, and thus 100kHz output, while 1C2 
again divides by 10, for the 10kHz output. . 
Switch S! selects the IMHz, 100kHz or 10kH7 signal, as 
required, and uses this to drive Trl. Output is obtained at the 
emitter, and signal level can be adjusted by means of VRI- 


&4 


Output Use 
For many purposes, sufficient input to the receiver will be 
obtained if a shor! lead from the marker output socket is run 
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near the aerial sucket of the receiver, or near a short wire 

lukon to the receiver socket. The usual aerial is disconnected. 
Coupling may necd adjusting to suit the receiver sensitivity and 
the order of harmonics, which grow progressively weakes, unt] 
they can no Jonger be detected. VR1 can be turned back where 
signals are too strong. The usual inexpensive potentiometer wall 
not completely attenuate signals, especially at higher frequencies, 
When signals are nol too strong, the output lead may be 
connected to the receiver, 

The 1MHz marker signals wilt be heard at 1MHz and 
multiples — 2MIiz, 3MHz, 4MHz, and so on, throughout the 
receiver tuning ranges. Scales or dials can thus be marked at 
IMHz intervals. With home-built equipment of unknown 
coverage, one frequency has to be identified on each waveband, 
by reference to a broadcast station, amateur band, os similar 
means. The | MHz marks can then be counted up and down 
from this, and numbered according to frequeticy, 

The 100kHz output will provide 10 pips per 1MBz scetor, 
and will be appropriate for calibration over many general 
coverage high frequency ranges. The 1OkHz marker signals ' 
again divide these into 10 sectors, Those will be too close | 
together for many general coverage receivers, except those with 
handspread tuning. 

Tuning of the receiver may be noted by means of a beat 
frequency oscillator, which will usually be available as exact 
calibration of this kind is most likely to be wanted with 2 
communications type receiver. A tuning indicator can also 
be used, and may consist of a multi-range meter clipped on to 
read the anode, collector, emitter, or drain current of an 
automatic volume controlled stage. 


Crystal Trimming 

An extremely high degree of accuracy can be obtained by 
pulling the crystal into frequency with an external source. To 
do this, use an aerial with the receiver, to obtain reception of 
the standard frequency transmissions on 2.5MHz, or receive 
200kHz transmissions. Differences between the 25th or 2nd 
harmonic of 100kHz and this signal will be heard as 2 growl or 
flutter, which will fall in frequency us T | is adjusted in the 
correct direction. Por best results and easy adjustment, signals 
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‘from the station tuned in, and the marker generator, need to 
be of roughly similar strength, or at least not so different that 
One swamps the other 


VFO Calibration 

Toe calibrate a VFO, couple the marker output und the VFO to 
a receiver, Tune im a marker harmonic with the receiver, and 
tune the VFO to zero beat with this, and calibrate the VFO 
dial to suit, Continue as necessary. As exumple, at 3.5, 3.6, 
3.7 and 3,8MHz for the 80m band, subsequently filling in with 
10kHz points, 

Accuracy of receiver tuning does not influence calibration. 
The receiver is merely used to compare the frequencies of the 
VFO and wanted harmonk. 

To calibrate a signal generator, proceed in the same way, 
except that marks will generally be at wider points, except on 
low frequencies. 

Corroct calibration will allow the casy lovation of high 
frequency bands, stations using known frequencies or wave- 
lengths, etc, Trimming and wlignment of calibrated receivers 
may be directed towards securing the best agreement hetween 
dial readings and actual frequencies throughout. 


Components for Radio frequency Marker { Figure 46} 
(Resistors 3% 4W) 


R! 1.8k Cl 7400 

R2 220 ohm IC2 7490 

R3 560 ohm C3 7490 

R4 220 ohm 3 off 14 pin DIL holders 
RS 470k Tl 30pF trimmer 
VRI 1k linear pot Tri 2N3706 

cl 22pF §] Single pole 3-way 
C2 220pF IMHz crystal & holder 
3 220pF Board, etc, 


4 0.01 wF 


VARIABLE 555 PULSER 


When making or testing a counter, whether decimal, or for 
seconds. minutcs ang hours, sume form of rapid checking is 
useful. A variuble pulser, using the 5558 integrated circuit, will 
be convenient for this, Four ranges are fitted, for appraxi- 
mately 1 pulse per 20 seconds to 3Hz, 31lz to 160Hz, 160Hz 
to 5,CUUEIz, and SkIlz to 200kHz. 

The slow pulses allow observation of the scconds or first 
digit display of a counter or timer, and individual testing of 
various digttal ciruil points for high and low, if required, To 
speed up cheeking jn tens, hundreds and other sections (or 
minute or hour sections) pulses can be speeded to run the 
whwle counter at a greatly increased rate. lit this wav, us example, 
the whole numeral sequences of « 24 hour clack can be 
observed in a few minutes. 

Figure 47 shows the circuit. 1 may be operated from the 
same $V supply operating the counter or timer, of from a 


A.5V (3-celf} battery. If 4 separate supply is used, join 
negatives of pulser and counter or timer. 

VR1 provides adjustment of frequency. S1 selects one of a 
range of Liming capacitors. The larger values provide the 
flower mics. [1 is, of course, not essential that the ranges be 
exactly ax mentioned, so other capacitor values, or 
modification to VR1, would be possible. 

QOulput is from 3 of the 555, via a resistor which limits fault 
turrent in the event of a defect or wrong connection, 

The few components are readily wired on a stall O.1in 
matrix board, This, and $1 and VRJ, can {it inside a case or 
box. Red and black flexible leads, with small clips, will 
allow easy connecting up to the power lincs of the Gmer or 
counter which is to be checked, The output lead can be fitted 
with one of the miniature msulatéd prods with clip end operated 
by a button, and this can then be attached to any required 
point, or to 14 on the binary coded decimal dividers or other 
ICs, 

A check of the pulser should show a range of rates, 
adjustable in frequency to suit the purpose, and according to 
the position of S1. Current drain is small, typically 2mA 
to 3mA or so. 


Components for Variabie 555 Puiser (Pigure 475 


(Kesistors 5% 4W) 

RI A7k C3 25nF 

R2 2.2k C4 300pF 

R3 180 ofyn Si single-pole 4-way 

VRi 500k linear switch 
potentiometer 585 and &-pin DLL holder 

C1 33 WR Knobs, case, board, ete, 

C2 1 uF 


1-ARMED BANDIT 


This is 1 more amhitious game project, but can provide 2 great 
deal of annisement. When the RL'N switch ts pressed, three 
numbers change at different rates, those arising at random 
remaining displayed when the switch is released. To improve 
chances for the player, individual HOLDS ave fitted, so that 
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wanted numbers can be retained while playing for others to 
suit. 

Figure 48 shows the circuit. R1 and C1 control the pulsing 
speed of the UST Trl. Base } of Tr) drives Tr2, which in 
tum operates the numerator from its collector cirenit. Trl, Tr2, 
with its associated items and the switch HOLD 1. with 0-9 
humerstor, form une numeral. 

The HOLD switch is normally closed, and PLAY switch is 
normatly open. When the PLAY switch is closed, Trl 
comunences to produce pulses which operate this numeral, which 
continues to change so Jang as the PLAY switch is closed. 

When the PLAY switch is opencd the pulses cease, and the 
numerator Continues to display the fignre. 

The second figure ts obtained in the same way, and has 
HOLD 2 switch, while the third figure also operates in this 
manner, with HOLD 3 switch. Should any of the switches 
HOLD 1, HOLD 2 or HOLD 3 be kept open, then ne voltage 
reaches the pulser section, wher the PLAY switch is closed, so 
the related numeral remains unchanged, 

Different values are used for C1 and Ri, so that the numbers 
run at different rates. 

The HOLD switches should be push-to-break, or spring: 
loaded toggle types which ure normally closed. The PLAY 
switch is also of this type, but normally open. 

All pulser and numerator negatives are common to the 
negative linc. HOLD switches may switch R!, or RI, R2 and 
RS together, without changing the count. Numerals can be 
Nixie or LED, with the dividers, decoders and circuits shown 
earlier 

(n the component list, RI and C| are given separately. 


Components for l-Arrted Bandit, (Figure 48) 


(Resistors 5% 4W) 3 aff: 

Rlas7k Cla0.2 uF R2 220 ohn 

Rib47k ClbO.22yF R3 680 ohm 

Rle 220k Clc0.47 uF R4 tk 
RS ik 

PLAY switch Tri L146, TIS43. E5567 

Board Tr2 2N3704 

Case HOLD switches % 
O—9 Numeratars. Seo 
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Digital IC 
Projects 


_ Contained in this book ara a number of simple and 
also more advanced projects, for the home constructor, 
based on digital integrated circuits; 


To assist the newcomer to the hobby, the author «as 
included 8 number of board layouts and wiring diagrams 
Also the more ambitious projects have been designed ta 
be built and tested sectian by section so as to help avoid 
Or easily correct any faults that might occur. 


_ Highly recommended to both the bedinner and more 
advanced enthusiast alike. 
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